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Introduction

This paper presents the major assumptions of the National Energy Modeling System (NEMS) used to
generate the projections in the Annual Energy Outlook 19991 (AEO99), including general features of
the model structure, assumptions concerning energy markets, and the key input data and parameters

that are most significant in formulating the model results. Detailed documentation of the modeling system is
available in a series of documentation reports.2 A synopsis of NEMS, the model components, and the
interrelationships of the modules is presented in The National Energy Modeling System: An Overview.3

The National Energy Modeling System

The projections in the AEO99 were produced with the National Energy Modeling System. NEMS is
developed and maintained by the Office of Integrated Analysis and Forecasting of the Energy Information
Administration (EIA) to provide projections of domestic energy-economy markets in the midterm time period
and perform policy analyses requested by decisionmakers and analysts in the U.S. Congress, the
Department of Energy’s Office of Policy and International Affairs, other DOE offices, and other government
agencies.

The time horizon of NEMS is approximately 20 years, the midterm period in which the structure of the
economy and the nature of energy markets are sufficiently understood that it is possible to represent
considerable structural and regional detail. Because of the diverse nature of energy supply, demand, and
conversion in the United States, NEMS supports regional modeling and analysis in order to represent the
regional differences in energy markets, to provide policy impacts at the regional level, and to portray
transportation flows. The level of regional detail for the end-use demand modules is the nine Census
divisions. Other regional structures include production and consumption regions specific to oil, gas, and coal
supply and distribution, the North American Electric Reliability Council regions and subregions for electricity,
and aggregations of the Petroleum Administration for Defense Districts (PADD) for refineries. Only national
results are presented in the AEO99, with the regional and other detailed results available on the EIA
CD-ROM and EIA Home Page. (http://www.eia.doe.gov/oiaf/forecasting/aeo99/homepage.html)

For each fuel and consuming sector, NEMS balances the energy supply and demand, accounting for the
economic competition between the various energy fuels and sources. NEMS is organized and implemented
as a modular system (Figure 1). The modules represent each of the fuel supply markets, conversion
sectors, and end-use consumption sectors of the energy system. NEMS also includes macroeconomic and
international modules. The primary flows of information among each of these modules are the delivered
prices of energy to the end user and the quantities consumed by product, region, and sector. The delivered
prices of fuel encompass all the activities necessary to produce, import, and transport fuels to the end user.
The information flows also include other data such as economic activity, domestic production activity, and
international petroleum supply availability.

The integrating module of NEMS controls the execution of each of the component modules. To facilitate
modularity, the components do not pass information to each other directly but communicate through a
central data storage location. This modular design provides the capability to execute modules individually,
thus allowing decentralized development of the system and independent analysis and testing of individual
modules. This modularity allows use of the methodology and level of detail most appropriate for each energy
sector. NEMS solves by calling each supply, conversion, and end-use demand module in sequence until the
delivered prices of energy and the quantities demanded have converged within tolerance, thus achieving an
economic equilibrium of supply and demand in the consuming sectors. Solution is reached annually through
the midterm horizon. Other variables are also evaluated for convergence such as petroleum product
imports, crude oil imports, and several macroeconomic indicators.

Each NEMS component also represents the impact and cost of legislation and environmental regulations
that affect that sector. NEMS reflects all current legislation and environmental regulations, such as the
Clean Air Act Amendments of 1990 (CAAA90), the ozone transport rule (OTR), and the costs of compliance
with other regulations. NEMS also includes an analysis of the impacts of the provisions of the Climate
Change Action Plan (CCAP), which are separately described under each module.
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Component Modules

The component modules of NEMS represent the individual supply, demand, and conversion sectors of
domestic energy markets and also include international and macroeconomic modules. In general, the
modules interact through values representing the prices of energy delivered to the consuming sectors and
the quantities of end-use energy consumption. This section provides brief summaries of each of the
modules.

Macroeconomic Activity Module

The Macroeconomic Activity Module provides a set of essential macroeconomic drivers to the energy
modules, and a macroeconomic feedback mechanism within NEMS. Key macroeconomic variables include
gross domestic product (GDP), interest rates, disposable income, and employment. Industrial drivers are
calculated for thirty-five industrial sectors. This module is a kernel regression representation of the
DRI/McGraw-Hill (DRI)  U.S. Macroeconomic Model of the U.S. Economy.

International Energy Module

The International Module represents the world oil markets, calculating the average world oil price and
computing supply curves for five categories of imported crude oil for the Petroleum Market Module (PMM) of
NEMS, in response to changes in U.S. import requirements. International petroleum product supply curves,
including curves for oxygenates, are also calculated.

Household Expenditures Module

The Household Expenditures Module provides estimates of average household direct expenditures for
energy used in the home and in private motor vehicle transportation. The forecasts of expenditures reflect
the projections from NEMS for the residential and transportation sectors. The projected household energy
expenditures incorporate the changes in residential energy prices and motor gasoline price determined in
NEMS, as well as the changes in the efficiency of energy use for residential end-uses and in light-duty
vehicle fuel efficiency. Average expenditures estimates are provided for households by income group and
Census division.
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Figure 1. National Energy Modeling System



Residential and Commercial Demand Modules

The Residential Demand Module forecasts consumption of residential sector energy by housing type and
end use, subject to delivered energy prices, availability of renewable sources of energy, and housing starts.
The Commercial Demand Module forecasts consumption of commercial sector energy by building types and
nonbuilding uses of energy and by category of end use, subject to delivered prices of energy, availability of
renewable sources of energy, and macroeconomic variables representing interest rates and floorspace
construction. Both modules estimate the equipment stock for the major end-use services, incorporating
assessments of advanced technologies, including representations of renewable energy technologies, and
analyses of both building shell and appliance standards.

Industrial Demand Module

The Industrial Demand Module forecasts the consumption of energy for heat and power and for feedstocks
and raw materials in each of sixteen industry groups subject to the delivered prices of energy and
macroeconomic variables representing employment and the value of output for each industry. The
industries are classified into three groups—energy intensive, nonenergy intensive, and nonmanufacturing.
Of the eight energy-intensive industries, seven are modeled in the Industrial Demand Module with
components for boiler/steam/cogeneration (BSC), buildings, and process/assembly (PA) use of energy. A
representation of cogeneration and a recycling component are also included. The use of energy for
petroleum refining is modeled in the Petroleum Market Module, and the projected consumption is included in
the industrial totals.

Transportation Demand Module

The Transportation Demand Module forecasts consumption of transportation sector fuels, including
petroleum products, electricity, methanol, ethanol, compressed natural gas, and hydrogen by transportation
mode, vehicle vintage, and size class, subject to delivered prices of energy fuels and macroeconomic
variables representing disposable personal income, GDP, population, interest rates, and the value of output
for industries in the freight sector. Fleet vehicles are represented separately to allow analysis of the CAAA90
and other legislative proposals, and the module includes a component to explicitly assess the penetration of
alternative-fuel vehicles.

Electricity Market Module

The Electricity Market Module (EMM) represents generation, transmission, and pricing of electricity, subject
to delivered prices for coal, petroleum products, and natural gas, costs of generation by centralized
renewables, macroeconomic variables for costs of capital and domestic investment, and electricity load
shapes and demand. There are three primary submodules—capacity planning, fuel dispatching, finance
and pricing. Nonutility generation and transmission and trade are represented in the planning and
dispatching submodules. The levelized fuel cost of uranium fuel for nuclear generation is directly
incorporated into the EMM. All CAAA90 and OTR compliance options are explicitly represented in the
capacity expansion and dispatch decisions. Both new generating technologies and renewable technologies
compete directly in these decisions.

Renewable Fuels Module

The Renewable Fuels Module includes submodules that provide explicit representation of the supply of
biomass (including wood and energy crops), municipal solid waste (including landfill gas), wind energy, solar
thermal electric and photovoltaic energy, and geothermal energy. It contains natural resource supply
estimates and provides costs and performance criteria to the EMM. The EMM represents market
penetration of renewable technologies used for centralized electricity generation.

Oil and Gas Supply Module

The Oil and Gas Supply Module represents domestic crude oil (including lease condensate), natural gas
liquids, and natural gas supply within an integrated framework that captures the interrelationships among the
various sources of supply—onshore, offshore, and Alaska—using both conventional and nonconventional
techniques, including enhanced oil recovery and unconventional gas recovery from tight gas formations,
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shale, and coalbeds. This framework analyzes cash flow and profitability to compute investment and drilling
in each of the supply sources, subject to the prices for crude oil and natural gas, the domestic recoverable
resource base, and technology. Oil and gas production functions are computed at a level of twelve supply
regions, including three offshore and three Alaskan regions. This module also represents foreign sources of
natural gas, including pipeline imports and exports with Canada and Mexico, and liquefied natural gas
imports and exports. Crude oil production quantities are input to the Petroleum Market Module in NEMS for
conversion and blending into refined petroleum products. The supply curves for natural gas are input to the
Natural Gas Transmission and Distribution Module for use in determining prices and quantities.

Natural Gas Transmission and Distribution Module

The Natural Gas Transmission and Distribution Module represents the transmission, distribution, and pricing
of natural gas, subject to end-use demand for natural gas, the supply of domestic natural gas, and the
availability of natural gas traded on the international market, on a seasonal basis. The module tracks the
flow of natural gas in an aggregate, domestic pipeline network, connecting the domestic and foreign supply
sources with twelve demand regions. This capability allows the analysis of impacts of interregional
constraints in the interstate natural gas pipeline network and the identification of pipeline and storage
capacity expansion requirements. The key components of pipeline and distributor tariffs are included in the
pricing algorithms.

Petroleum Market Module

The Petroleum Market Module forecasts prices of petroleum products, crude oil and product import activity,
and domestic refinery operations, including fuel consumption, subject to the demand for petroleum products,
availability and price of imported petroleum, and domestic production of crude oil, natural gas liquids, and
alcohol fuels. The module represents refining activities in three regions. The first region includes Petroleum
Administration for Defense District (PADD) I, the second includes PADDs II, III, IV, and the third includes
PADD V. The module uses the same crude oil types as the International Energy Module. It explicitly models
the requirements of the CAAA90 and the costs of new automotive fuels, such as oxygenated and
reformulated gasoline, and includes oxygenate production and blending for reformulated gasoline. Costs
include capacity expansion for refinery processing units. End-use prices are based on the marginal costs of
production, plus markups representing product distribution costs, State and Federal taxes, and
environmental costs. State taxes are assumed to increase with inflation. On the other hand, Federal taxes
are assumed to remain constant at nominal 1997 levels, not increasing with inflation.

Coal Market Module

The Coal Market Module represents mining, transportation, and pricing of coal, subject to the end-use
demand for coal differentiated by physical characteristics, such as the heat and sulfur content. The coal
supply curves include a response to mine production, labor productivity, and factor input costs. Twelve coal
types are represented, differentiated by thermal grade, sulfur content, and mining process. Production and
distribution are computed for eleven supply and thirteen demand regions, using imputed coal transportation
costs and trends in factor input costs. The Coal Market Module also forecasts the requirements for U.S. coal
exports and imports. The international coal market component of the module computes trade in four types of
coal for twenty import and sixteen export regions. Both the domestic and international coal markets are
represented in a linear program.

Cases for the Annual Energy Outlook 1999

The AEO99 presents five cases which differ from each other due to fundamental assumptions concerning
the domestic economy and world oil market conditions. Three alternative assumptions are specified for
each of these two factors, with the reference case using the midlevel assumption for each.

• Economic Growth - In the reference case, productivity grows at an average annual rate of 1.3
percent from 1997 through 2020 and the labor force at 0.8 percent per year, yielding a growth in real
GDP of 2.1 percent per year. In the high economic growth case, productivity and the labor force grow
at 1.6 and 1.0 percent per year, respectively, resulting in GDP growth of 2.6 percent annually. The
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average annual growth in productivity, the labor force, and GDP are 1.0, 0.5, and 1.5 percent,
respectively, in the low economic growth case.

• World Oil Markets - In the reference case, the average world oil price increases to $22.73 per barrel
(in real 1997 dollars) in 2020. Reflecting uncertainty in world markets, the price in 2020 reaches
$14.57 per barrel in the low oil price case and $29.35 per barrel in the high oil price case.

In addition to these five cases, additional cases presented in Table 1 explore the impacts of changing key
assumptions in individual sectors.

Many of the side cases were designed to examine the impacts of varying key assumptions for individual
modules or a subset of the NEMS modules, and thus the full market consequences, such as the
consumption or price impacts, are not captured. In a fully integrated run, the impacts would tend to narrow
the range of the differences from the reference case. For example, the best available technology side case
in the residential demand assumed that all future equipment purchases are made from a selection of the
most efficient technologies available in a particular year. In a fully integrated NEMS run, the lower resulting
fuel consumption would have the effect of lowering slightly the market prices of those fuels with the
concomitant impact of increasing economic growth, thus stimulating some additional consumption. As
another example, the higher electricity demand side case results in higher electricity prices. If the end-use
demand modules were executed in a full run, the demand for electricity would be reduced slightly as a result
of the higher prices and resulting lower economic growth, thus moderating somewhat the input assumptions.
The results of these cases should be considered the maximum range of the impacts that could occur with the
assumptions defined for the case.

All projections are based on Federal, State, and local laws and regulations in effect on July 1, 1998,
including the additional fuels taxes in the Omnibus Budget Reconciliation Act of 1993, the CAAA90, the
Energy Policy Act of 1992, the Outer Continental Shelf Deep Water Royalty Relief Act of 1995, and the Tax
Payer Relief Act of 1997. Pending legislation and sections of existing legislation for which funds have not
been appropriated are not reflected in these forecasts.

The projections include analysis of the provisions of the CCAP developed in 1993, which consists of
forty-four actions to achieve carbon stabilization in the United States by 2000, relative to 1990. Thirteen of
the actions not related to the combustion of energy fuels or to carbon dioxide and are not incorporated in the
analysis. Since funding for many of the CCAP programs has been curtailed in budget negotiations, their full
impact is not reflected in these projections. In addition, since some of the energy savings associated with
CCAP programs are already in the baseline, the full projected impacts were reduced.

Emissions

Carbon emissions from energy use are dependent on the carbon content of the fuel and the fraction of the
fuel consumed in combustion. The product of the carbon content at full combustion and the combustion
fraction yields an adjusted carbon emission factor for each fuel. The emissions factors are expressed in
millions of metric tons of carbon emitted per quadrillion Btu of energy use, or equivalently, in kilograms of
carbon per million Btu. The adjusted emissions factors are multiplied by energy consumption to arrive at the
carbon emissions projections.

For fuel uses of energy, the combustion fractions are assumed to be 0.99 for liquid fuels and 0.995 for
gaseous fuels. The carbon in nonfuel use of energy, such as for asphalt and petrochemical feedstocks, is
assumed to be sequestered in the product and not released to the atmosphere. For energy categories that
are mixes of fuel and nonfuel uses, the combustion fractions are based on the proportion of fuel use. Any
carbon emitted by renewable sources is considered balanced by the carbon sequestration that occurred in
its creation. Therefore, following convention, net emissions of carbon from renewable sources is taken as
zero, and no emission coefficient is reported. Renewable fuels include hydroelectric power, biomass,
photovoltaic, geothermal, ethanol, and wind energy.

Table 2 presents the carbon coefficients at full combustion, the combustion fractions, and the adjusted
carbon emission factors used for AEO99.
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Case Name Description
Integration
mode

Reference Baseline economic growth, world oil price, and technology assumptions Fully Integrated

Low Economic
Growth

Gross Domestic product grows at an average annual rate of 1.5 percent, compared
to the reference case growth of 2.1 percent.

Fully Integrated

High Economic
Growth

Gross domestic product grows at an average annual rate of 2.6 percent, compared
to the reference case growth of 2.1 percent.

Fully Integrated

Low World Oil
Price

World oil prices are $14.57 per barrel in 2020, compared to $22.73 per barrel in the
reference case.

Partially Integrated

High World Oil
Price

World oil prices are $29.35 per barrel in 2020, compared to $22.73 per barrel in the
reference case.

Partially Integrated

Residential:
1999 Technology

Future equipment purchases based on equipment available in 1999. Building shell
efficiencies fixed at 1999 levels.

Standalone

Residential:
High Technology

Earlier availability, lower costs, and higher efficiencies assumed for more advanced
equipment.

Standalone

Residential:
Best Available
Technology

Future equipment purchases and new building shells based on most efficient
technologies available. Existing building shell efficiencies increase by 30 percent
from 1993 values by 2020.

Standalone

Commercial:
1999 Technology

Future equipment purchases based on equipment available in 1999. Building shell
efficiencies fixed at 1999 levels.

Standalone

Commercial:
High Technology

Earlier availability, lower costs, and higher efficiencies assumed for more advanced
equipment.

Standalone

Commercial:
Best Available
Technology

Future equipment purchases based on most efficient technologies available. Building
shell efficiencies increase by 50 percent from reference values by 2020.

Standalone

Industrial:
1999 Technology

Efficiency of plant and equipment fixed at 1999 levels. Standalone

Industrial:
High Technology

Earlier availability, lower costs, and higher efficiencies assumed for more advanced
equipment.

Standalone

Transportation:
1999 Technology

Efficiencies for new equipment in all modes of travel are fixed at 1999 levels. Standalone

Transportation:
High Technology

Reduced costs and improved efficiencies are assumed for advanced technologies. Standalone

Consumption:
1999 Technology

Combination of the residential, commercial, industrial, and transportation 1999
technology cases and electricity low fossil technology case.

Fully Integrated

Consumption:
High Technology

Combination of the residential, commercial, industrial, and transportation high
technology cases and electricity high fossil technology case.

Fully Integrated

Electricity:
Low Nuclear

Higher capital investments assumed after 30 and 40 years of operation. Partially Integrated

Electricity:High
Nuclear

No capital investments are required for license renewal. Partially Integrated

Electricity: High
Demand

Electricity demand increases at an annual rate of 2.0 percent, compared to 1.4
percent in the reference case.

Partially Integrated

Table 1. Summary of AEO99 Cases
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Case Name Description
Integration
mode

Electricity: Low Fossil
Technology

New generating technologies are assumed not to improve over time from
1997.

Fully Integrated

Electricity: High Fossil
Technology

Costs and efficiencies for advanced fossil-fired generating technologies are
assumed to improve from reference case values.

Fully Integrated

Electricity:
Competitive Pricing

Competitive pricing is phased in over 10 years in all regions of the country. Fully Integrated

Electricity: 5.5-Percent
Renewable Portfolio
Standard

Nonhydroelectric renewable generation increases to 5.5 percent of total
generation for the period 2010-2015.

Fully Integrated

Renewables:  High
Renewables

Lower costs and higher efficiencies are assumed for new renewable
generating technologies.

Fully Integrated

Oil and Gas:  Slow
Technology

Cost, finding rate, and success rate parameters adjusted for slower
improvement.

Fully Integrated

Oil and Gas:
Rapid Technology

Cost, finding rate, and success rate parameters adjusted for more rapid
improvement.

Fully Integrated

Oil and Gas:
Automaker’s National
Low-Sulfur Gasoline

Starting in 2004, sulfur levels of all gasoline in the United States meet a 40
ppm annual average standard.

Standalone

Oil and Gas: API/NPRA
Regional
Reduced-Sulfur
Gasoline

Starting in 2004, gasoline in Federal reformulated gasoline areas and in 23
States and East Texas meets a 150 ppm annual average standard.
California gasoline continues to meet the current 40 ppm standard, and
gasoline in all other areas of the country meets a 300 ppm standard.  In
2010, the areas that were using 150 ppm gasoline are assumed to switch
to 40 ppm gasoline.

Standalone

Coal:  Low Mining Cost Productivity increases at an annual rate of 3.8 percent, compared to the
reference case growth of 2.3 percent.  Real wages decrease by 0.5
percent annually, compared to constant real wages in the reference case.

Partially Integrated

Coal:  High Mining Cost Productivity increases at an annual rate of 1.2 percent, compared to the
reference case growth of 2.3 percent.  Real wages increase by 0.5 percent
annually, compared to constant real wages in the reference case.

Partially Integrated

Table 1.  Summary of the AEO99 cases (continued)
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Fuel Type

Carbon Coefficient
at Full

Combustion

Combustion
Fraction

Adjusted
Emissions

Factor
Petroleum

Motor Gasoline 19.35 0.990 19.16

Liquefied Petroleum Gas

Used as Fuel 16.87 0.995 16.79

Used as Feedstock 17.11 0.200 3.42

Jet Fuel 19.33 0.990 19.14

Distillate Fuel 19.95 0.990 19.75

Residual Fuel 21.49 0.990 21.28

Asphalt and Road Oil 20.62 0.000 0.00

Lubricants 20.24 0.600 12.14

Petrochemical Feedstocks 19.37 0.200 3.87

Kerosene 19.72 0.990 19.52

Petroleum Coke 27.85 0.500 13.93

Petroleum Still Gas 17.51 0.995 17.42

Other Industrial 20.31 0.990 20.11

Coal

Residential and Commercial 25.92 0.990 25.74

Metallurgical 25.55 0.990 25.28

Industrial Other 25.61 0.990 25.38

Electric Utility1 25.74 0.990 25.48

Natural Gas

Used as Fuel 14.47 0.995 14.40

Used as Feedstocks 14.47 0.774 11.20

Table 2. Carbon Emission Factors (Kilograms-carbon per million Btu)

1Emission factors for coal used for electricity generation are specified by coal supply region and types of coal, so the average carbon contents
for coal varies throughout the forecast.  The 1997 average is 25.74.

Source:  Energy Information Administration, Emissions of Greenhouse Gases in the United States 1997, DOE/EIA-0573(97), (Washington,
DC, October 1998).



[1] Energy Information Administration, Annual Energy Outlook 1999 (AEO99), DOE/EIA-0383(99),

(Washington, DC, December 1998).

[2] NEMS documentation reports are available on the EIA CD-ROM and the EIA Homepage

(http://www.eia.doe.gov/bookshelf.html).  For ordering information on  the CD-ROM, contact

STAT-USA's toll free order number: 1-800-STAT-USA or by calling (202) 482-1986.

[3] Energy Information Administration, The National Energy Modeling System:  An Overview 1998,

DOE/EIA-0581(98), (Washington, DC, February 1998).
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Macroeconomic Activity Module

The Macroeconomic Activity Module (MAM) represents the interaction between the U.S. economy as a
whole and energy markets. The rate of growth of the economy, measured by the growth in gross
domestic product (GDP) is a key determinant of the growth in demand for energy. Associated economic

factors, such as interest rates and disposable income, strongly influence various elements of the supply and
demand for energy. At the same time, reactions to energy markets by the aggregate economy, such as a
slowdown in economic growth resulting from increasing energy prices, are also reflected in this module. A
detailed description of the MAM is provided in the EIA publication, Model Documentation Report:
Macroeconomic Activity Module (MAM) of the National Energy Modeling System, DOE/EIA-M065,
(Washington, DC, February 1994).

Key Assumptions

The output of the Nation’s economy, measured by GDP, is expected to increase by 2.1 percent between
1997 and 2020 in the reference case. The growth in GDP can be decomposed into two key factors: the
growth rate of the labor force and rate of productivity change associated with the labor force. As Table 3
indicates, the rate of growth of GDP is slower in the latter half of the forecast period due to a slowdown in the
expansion of the labor force. The growth of the labor force depends upon the forecasted population growth
and the labor force participation rate. The Census Bureau’s middle series population projection is used as a
basis for the AEO99. Total population is expected to grow by 0.8 percent between 1997 and 2020, with a
higher rate of growth pre-2000 and a slower rate of growth post-2000. Over the forecast period, the labor
force participation rate is expected to peak in 2007 and then decline as “baby boom” cohorts begin to retire.
Combining population projections with labor force participation rates gives an increase in labor force earlier
in the forecast horizon and then post-2000, the economy experiences slower growth as demographic trends
affect future economic growth.

The productivity of labor is the second major reason for economic growth and combines the positive effects
of a growing capital stock of the economy as well as technological change occurring over time. A key to
achieving the reference case’s long-run 2.1 percent growth is an anticipated recovery in productivity growth.
Productivity growth slowed in the 1970’s, compared to the growth experienced post-World War II. There is
no consensus about why productivity growth declined so much after 1973. However, between 1980 and
1990, business investment’s share of GDP declined at the same time that both the Federal budget deficit
and the trade deficit increased. Since 1991, the economic recovery has been led by strong gains in business
investment as a result of lower interest rates. Productivity has shown recent strong gains as economic
output has increased more rapidly than employment gains.
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Assumptions 1997-2000 2000-2005 2005-2010 2010-2015 2015-2020 1997-2020

GDP (Billion Chain-Weighted $1992)

High Growth 3.2 2.8 2.9 2.3 2.1 2.6

Reference 2.5 2.3 2.4 1.8 1.6 2.1

Low Growth 1.8 1.7 1.9 1.2 1.0 1.5

Labor Force

High Growth 1.6 1.3 1.3 0.7 0.5 1.0

Reference 1.4 1.0 1.0 0.5 0.3 0.8

Low Growth 1.1 0.7 0.8 0.2 0.0 0.5

Productivity

High Growth 1.5 1.5 1.7 1.5 1.5 1.6

Reference 1.1 1.3 1.4 1.3 1.3 1.3

Low Growth 0.8 1.0 1.1 1.0 1.0 1.0

Table 3. Growth in Gross Domestic Product, Labor Force, and Productivity
(Percent per Year)

Source:  Energy Information Administration, AEO99 National Energy Modeling System runs: aeo99b.d100198a; lmac99.d100198a;
and hmac99.d100198a



In the reference case, productivity growth remains relatively constant throughout the forecast period. The
Federal deficit is expected to diminish over time, helping lead a recovery in private investment and spending
on research and development. Business fixed investment rises as a share of GDP. The resulting growth in
the capital stock and the technology base of that capital stock helps to sustain productivity growth exceeding
1 percent. This growth in productivity offsets some of the decline in the labor force growth, but the economy
continues to slow down over time.

To reflect the uncertainty in forecasts of economic growth, the AEO99 forecasts use high and low economic
growth cases along with the reference case to project the possible energy markets. All three economic
growth cases are based on forecasts prepared by Data Resources, Inc. (DRI).4 The DRI forecasts used in
AEO99 are the August 1998 Trend Growth scenario along with the February 1998 Optimistic and
Pessimistic growth projections.

The high economic growth case incorporates higher population, labor force and productivity growth rates
than the reference case. Due to the higher productivity gains, inflation and interest rates are lower compared
to the reference case. Investment, disposable income, and industrial production are increased. Economic
output is projected to increase by 2.6 percent between 1997 and 2020. The low economic growth case
assumes lower population, labor force, and productivity gains, with resulting higher prices and interest rates
and lower industrial output growth. In the low economic growth case, economic output is expected to
increase by 1.5 percent over the forecast horizon.

The regional disaggregation of the economic variables uses regional shares based on a regional model
solution. These shares change over time, but do not change as energy prices change from the projected
reference price path.
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The underlying macroeconomic growth cases use DRI/McGraw-Hill’s August 1998 T250898 and February TO250298 and

TP250298.



International Energy Module

The International Energy Module determines changes in the world oil price and the supply prices of
petroleum products for import to the United States in response to changes in U.S. import requirements.
A market clearing method is used to determine the price at which worldwide demand for oil is equal to

the worldwide supply. The module determines new values for oil production and demand for regions outside
the United States, along with a new world oil price that balances supply and demand in the international oil
market. A detailed description of the International Energy Module is provided in the EIA publication, Model
Documentation Report: The International Energy Module of the National Energy Modeling System,
DOE/EIA-M071, (Washington, DC, April 1994).

Key Assumptions

The level of oil production by countries in the OPEC is a key factor influencing the world oil price projections
incorporated into AEO99. Non-OPEC production, worldwide regional economic growth rates and the
associated regional demand for oil are additional factors affecting the world oil price.

OPEC oil production is assumed to increase throughout the forecast, making OPEC the source for the
worldwide increase in oil consumption expected over the forecast period (Figure 2). OPEC is assumed to be
the source of additional production because its member nations hold a major portion of the world’s total
reserves—reaching almost 800 billion barrels, over 78 percent of the world’s total, at the end of 1997.5 For
the AEO99 forecasts, three different OPEC production paths are the principal assumptions leading to the
three world oil price path cases examined: the low oil price case, reference case, and high oil price case. The
values assumed for OPEC production for the three world oil price cases are given in Figure 2. Non-OPEC oil
production is expected to follow a gradually rising path—with an increase of more than 1.0 percent per year
over the forecast period—as advances in both exploration and extraction technologies result in this upward
trend (Figure 3). One fixed path for non-OPEC oil production is initially input for all three world oil price case
projections. Non-OPEC production depends upon the values of world oil prices, so the final forecast
solutions of the levels of non-OPEC production for the three oil prices cases diverge from the initial
assumptions. Production is higher in the high oil price case since more marginal wells are profitable at the
higher prices. Likewise, lower world oil prices are associated with lower production levels. The final
non-OPEC production paths for the three oil price cases are shown in Figure 3.

Energy Information Administration/Assumptions to the Annual Energy Outlook 1999 - December 16, 1998 13

0.0

10.0

20.0

30.0

40.0

50.0

60.0

70.0

80.0

1970 1975 1980 1985 1990 1995 2000 2005 2010 2015

Year

Low World Oil Price Case Reference Case High World Oil Price Case

Figure 2.  OPEC Oil Production, 1970-2020
(Million Barrels per Day)

OPEC = Organization of Petroleum Exporting Countries.

Sources:  Energy Information Administration. AEO99 National Energy Modeling System runs:
lwop98.d100298a; aeo99b.d100198a; and hwop99.d100298b.



The assumed growth rates for GDP for various regions in the world are shown in Table 4. This set of growth
rates for GDP was assumed for all three price cases. The GDP growth rate assumptions are from selected
issues of The WEFA Group, World Economic Outlook. The WEFA GDP growth rates have been used for all
regions of the world except for the developing countries, for which the GDP growth rates have been
assumed to be about 1 percentage point per year lower than the WEFA values.

The WEFA GDP forecasts are made with limited consideration of prospective energy market conditions.
EIA’s analysis indicates that economic growth by the developing countries at the rates suggested by WEFA
would put upward pressures on energy production and prices (particularly for oil) that could not be sustained
by the market. These high economic growth rates would lead to oil prices high enough to retard economic
growth. The 1-percentage-point reduction in economic growth rates for developing countries provides a
better balance between sustainable economic growth rates and growth in energy production.

The values for growth in oil demand calculated in the International Energy Module, which depend upon the
oil price levels as well as the GDP growth rates, are shown in Table 5 for the three oil price cases by regions
of the world. The different rates of growth for oil consumption in the three price cases reflect the different
levels in consumption calculated for the different oil prices.

Economic growth and oil consumption in the Former Soviet Union (FSU) are expected to reverse the
downward trends exhibited over the past half-dozen years. After 1997, oil consumption in the FSU is
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Region Gross Domestic Product

Organization for Economic Cooperation and Development 2.0

Other Developing Countries 3.7

Eurasia 5.2

China 6.8

Former Soviet Union 3.5

Eastern Europe 4.4

Total World 2.9

Table 4. Average Annual Regional Gross Domestic Product Growth Rates, 1997-2020
(Percent per Year)

Source:  The WEFA Group, World Economic Outlook, (July 1998), Volume 1, and EIA, World Energy Projection System (1998)
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Figure 3.  Non-OPEC Oil Production, 1970-2020
(Million Barrels per Day)

OPEC = Organization of Petroleum Exporting Countries.

Sources:  Energy Information Administration. AEO99 National Energy Modeling System runs:
lwop98.d100298a; aeo99b.d100198a; and hwop99.d100298b.



expected to begin gradually rising and increase by almost 70% by the end of the forecast period. After 1997,
oil production in the FSU also recovers and the FSU remains a net exporter through 2020. In contrast, China
is expected to remain a net importer of oil through 2020.

Petroleum product imports are represented in the projections through a series of curves that present the
quantity of each product that the world market is willing to supply to U.S. markets for each of the five
Petroleum Administration for Defense Districts (PADDs). Curves are provided for ten products: traditional
gasoline (including aviation), reformulated gasoline, No. 2 heating oil, low-sulfur distillate oil, high- and
low-sulfur residual oil, jet fuel (including naptha jet), liquefied petroleum gas, petrochemical feedstocks, and
other. The curves are calculated using the World Oil Refining Logistics Demand (WORLD) Model.6 The
WORLD model uses as inputs worldwide demand for crude oil and petroleum products for world oil prices
that are in the range of prices assumed for AEO99, as well as values for worldwide petroleum production
over this price range. The refinery technology incorporated in the model is updated using the most recently
available Oil & Gas Journal Database.7
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Region Low  Price Reference High Price

Organization for Economic Cooperation and Development 1.5 1.1 0.8

Organization of Petroleum Exporting Countries 2.0 2.0 2.0

Other Developing Countries 3.7 3.3 3.1

Eurasia 3.6 3.3 3.1

China 4.8 4.3 4.1

Former Soviet Union 2.5 2.3 2.1

Eastern Europe 3.1 2.9 2.8

Total World 2.3 2.0 1.8

Table 5. Average Annual Regional Growth Rates for Oil Demand, 1997-2020
(Percent per Year)

Source:  Energy Information Administration, AEO99 National Energy Modeling System runs: lwop99.d100298b; aeo99b.d100198a;
and hwop99.d100298b.



[5] EIA, International Energy Outlook 1998, DOE/EIA-0484(98) (Washington DC, April 1998).

[6] EIA, EIA Model Documentation: World Oil Refining Logistics Demand Model, “WORLD” Reference
Manual, DOE/EIA-M058, (Washington, DC, March 1994).

[7] Oil & Gas Journal, World Wide Refinery Survey, (data as of January 1, 1996).
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Household Expenditures Module

The Household Expenditures Module (HEM) constructs household energy expenditure profiles using
historical survey data on household income, population and demographic characteristics, and
consumption and expenditures for fuels for various end-uses. These data are combined with NEMS

forecasts of household disposable income, fuel consumption, and fuel expenditures by end-use and
household type. The HEM disaggregation algorithm uses these combined results to forecast household fuel
consumption and expenditures by income quintile and Census Division.

Key Assumptions

The historical input data used to develop the HEM version for the AEO99 consists of recent household
survey responses, aggregated to the desired level of detail. Two surveys performed by the Energy
Information Administration are included in the AEO99 HEM database, and together these input data are
used to develop a set of baseline household consumption profiles for the direct fuel expenditure analysis.
These surveys are the 1993 Residential Energy Consumption Survey (RECS) and the 1991 Residential
Transportation Energy Consumption Survey (RTECS).

HEM uses the consumption forecast by NEMS for the residential and transportation sectors as inputs to the
disaggregation algorithm that results in the direct fuel expenditure analysis. Household end-use and
personal transportation service consumption are obtained by HEM from the NEMS Residential and
Transportation  Demand  Modules.    Household  disposable  income  is  adjusted  with  forecasts  of  total
disposable income from the NEMS Macroeconomic Activity Module.

The fundamental assumptions underlying HEM’s processing of the historical and NEMS forecast data to
obtain its results are:

• Individual households are assumed not to migrate between income quintiles throughout the analysis
period.

• All households within a household segment are assumed to consume the average quantity of fuel for
that segment.  Distributions about, or deviations from, the average are not explicitly modeled.

• The change in average household consumption between forecast year y and survey base year y0 is
captured from the NEMS run at the finest available level of detail, and the same proportional change
is assumed to occur in each HEM subsegment of the analysis.

Application of the HEM algorithm produces a direct household fuel expenditure forecast at the finest level of
disaggregation; namely, by fuel, end-use service, housing type and vintage, ethnicity, disposable income
quintile, Census Division, and year. Results obtained are summed across end-uses to yield total direct fuel
expenditures as a function of disposable income for each household segment. The consolidation of these
high-resolution results into national average household expenditure results requires a weighted averaging in
order to obtain the desired aggregations. The weighing scheme used requires the proportions of
households of each type and vintage headed by householders of each ethnicity and income quintile. The
survey data provides these historical subsegment proportions, and for the AEO99 they are assumed to
remain constant throughout the forecast period.
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Residential Demand Module

The NEMS Residential Demand Module forecasts future residential sector energy requirements based
on projections of the number of households and the stock, efficiency, and intensity of use of
energy-consuming equipment. The Residential Demand Module projections begin with a base year

estimates of the housing stock, the types and numbers of energy-consuming appliances servicing the stock,
and the “unit energy consumption” by appliance (or UEC—in million Btu per household per year). The
projection process adds new housing units to the stock, determines the equipment installed in new units,
retires existing housing units, and retires and replaces appliances. The primary exogenous drivers for the
module are housing starts by type (single-family, multifamily and mobile homes) and Census Division and
prices for each energy source for each of the nine Census Divisions. The Residential Demand Module also
requires projections of available equipment over the forecast horizon. Over time, equipment efficiency tends
to increase because of general technological advances and also because of Federal and/or state efficiency
standards. As energy prices and available equipment changes over the forecast horizon, the module
includes projected changes to the type and efficiency of equipment purchased as well as projected changes
in the usage intensity of the equipment stock.

The end-use services for which equipment stocks are modeled include space conditioning (heating and
cooling), water heating, refrigeration, freezers, dishwashers, clothes washers, furnace fans, cooking, and
clothes drying. In addition to the major equipment-driven end-uses, the average energy consumption per
household is projected for secondary heating, lighting, color televisions, personal computers, and other
electric and nonelectric appliances. The module’s output includes number of households, equipment stock,
average equipment efficiencies, and energy consumed by service, fuel, and geographic location. The fuels
represented are distillate fuel oil, liquefied petroleum gas, natural gas, kerosene, electricity, wood,
geothermal, coal, and solar (active) energy.

One of the implicit assumptions embodied in the Residential Demand Module is that through 2020, there will
be no radical changes in technology or consumer behavior. No new regulations of efficiency beyond those
currently embodied in law or new government programs fostering efficiency improvements are assumed.
Technologies which have not gained widespread acceptance today, will not achieve significant penetration
by 2020. Currently available technologies will evolve in both efficiency and cost. In general, for the same
real cost, future technologies will be less expensive than those available today. When choosing new or
replacement technologies, consumers will behave similarly to the way they now behave. The intensity of
end-uses will change moderately in response to price changes. Electric end uses will continue to expand,
but at a decreasing rate8

Key Assumptions

Housing Stock Submodule

A very important determinant of future energy consumption is the projected number of households. Base
year estimates for 1993 are derived from the Energy Information Administration’s (EIA) Residential Energy
Consumption Survey (RECS) (Table 6). The forecast for occupied housing units is done separately for each
Census Division. It is based on the combination of the previous year’s surviving stock with projected housing
starts provided by the NEMS Macroeconomic Activity Module. The housing stock submodule assumes a
constant survival rate (the percentage of households which are present in the current forecast year, which
were also present in the preceding year) for each type of housing unit; 99.6 percent for single-family units,
99.6 percent for multifamily units, and 96.5 percent for mobile home units. Projected fuel consumption is
dependent not only on the projected number of housing units, but also on the type and geographic
distribution of the houses. The intensity of space heating energy use varies greatly across the various
climate zones in the United States. Also, fuel prevalence varies across the country—oil (distillate) is more
frequently used as a heating fuel in the New England and Middle Atlantic Census Divisions than in the rest of
the country, while natural gas dominates in the Midwest. An example of differences by housing type is the
more prevalent use of liquefied petroleum gas in mobile homes relative to other housing types.
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Technology Choice Submodule

The key inputs for the Technology Choice Submodule are fuel prices by Census Division and characteristics
of available equipment (installed cost, maintenance cost, efficiency and equipment life). Fuel prices are
determined by an equilibrium process which considers energy supplies and demands and are passed to this
submodule from the integrating module of NEMS. Energy price, combined with equipment UEC (which is a
function of efficiency), determines the operating costs of equipment. Equipment characteristics are
exogenous to the model and are modified to reflect both Federal standards and anticipated changes in the
market place. Table 7 lists capital cost and efficiency for selected residential appliances for the years 1995
and 2005.

The Residential Demand Module projects equipment purchases based on a nested choice methodology.
The first stage of the choice methodology determines the fuel and technology to be used, the second stage
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Region Single-family Units Multi-family Units Mobile Home Units Total Units

New England 3,094,829 1,747,055 225,381 5,067,265

Mid Atlantic 8,813,412 5,279,802 317,255 14,410,469

East North Central 11,396,562 4,009,539 945,403 16,351,504

West North Central 5,175,494 1,304,775 468,787 6,949,056

South Atlantic 12,193,075 3,733,627 1,440,830 17,367,532

East South Central 4,677,828 639,879 684,169 6,001,876

West South Central 7,959,478 1,686,948 482,358 10,128,784

Mountain 3,643,727 1,060,754 654,887 5,359,368

Pacific 9,854,773 4,785,219 355,646 14,995,638

United States 66,809,178 24,247,598 5,574,716 96,631,492

Table 6. 1993 Households

Source:  Energy Information Administration, Housing Characteristics 1993, DOE/EIA-314(93), (Washington, DC, June 1995).

Equipment Type Relative
Performance 1

1998
Installed Cost

($1998)2
Efficiency 2

2015
Installed Cost

($1998)2
Efficiency 3

Approximate
Discount

Rate

Electric Heat Pump Minimum

Best

$4,100

$5,555

10.0

17.7

$4,100

$5,200

10.0

18.0

40%

Natural Gas Furnace Minimum

Best

$1,300

$2,700

0.78

0.96

$1,300

$1,600

0.78

0.96

15%

Room Air Conditioner Minimum

Best

$450

$760

8.7

11.7

$450

$760

9.7

12.0

125%

Central Air Conditioner Minimum

Best

$2,500

$3,600

10.0

18.0

$2,500

$3,100

10.0

18.0

50%

Refrigerator (18 cubic ft) Minimum

Best

$530

$850

690

518

$530

$700

478

400

19%

Electric Water Heater Minimum

Best

$350

$1,025

0.86

2.60

$350

$800

0.86

2.20

83%

Solar Water Heater N/A $2,600 2.0 $2,600 2.0 83%

Table 7.  Installed Cost and Efficiency Ratings of Selected Equipment

1Minimum performance refers to the lowest efficiency equipment available.  Best refers to the highest efficiency equipment
available.

2Installed costs are given in 1998 dollars.

3Efficiency measurements vary by equipment type.  Electric heat pumps and central air conditioners are rated for cooling
performance using the Seasonal Energy Efficiency Ratio (SEER); natural gas furnaces are based on Annual Fuel Utilization
Efficiency; room air conditioners are based on Energy Efficiency Ratio (EER); refrigerators are based on kilowatt-hours per year;
and water heaters are based on Energy Factor (delivered Btu divided by input Btu).

Source:  Arthur D. Little, EIA Technology Forecast Updates, Reference Number 37125, September 1998.



determines the efficiency of the selected equipment type. For new construction, home heating fuel and
technology choices are determined based on life-cycle costs assuming a 20 percent discount rate. The
equipment choices for cooling, water heating, and cooking are linked to the space heating choice for new
construction. Technology and fuel choice for replacement equipment uses a nested methodology similar to
that for new construction, but includes (in addition to the capital and installation costs of the equipment),
explicit costs for technology switching (e.g., costs for installing gas lines if switching from electricity or oil to
gas, or costs for retrofitting air ducts if switching from electric resistance heat to central heating types). Also,
for replacements, there is no linking of fuel choice for water heating and cooking as is done for new
construction. Technology switching upon replacement is allowed for space heating, air conditioning, water
heating, cooking and clothes drying.

Once the fuel and technology choice for a particular end use is determined, the second stage of the choice
methodology determines efficiency. In any given year, there are several available prototypes of varying
efficiency (minimum standard, medium low, medium high and highest efficiency). Efficiency choice is based
on a functional form and coefficients which give greater or lesser importance to the installed capital cost (first
cost) versus the operating cost. Generally, within a technology class, the higher the first cost, the lower the
operating cost.

The parameters for the second stage efficiency choice are calibrated to the most recently available shipment
data for the major residential appliances. Shipment efficiency data are obtained from industry associations
which monitor shipments such as the Association of Home Appliance Manufacturers. Because of this
calibration procedure, the model allows the relative importance of first cost versus operating cost to vary by
general technology and fuel type (e.g., natural gas furnace, electric heat pump, electric central air
conditioner, etc.). Once the model is calibrated, it is possible to calculate (approximately) the apparent
discount rates based on the relative weight given to the operating cost savings versus the weight given to the
higher cost of more efficient equipment. Discount rates in excess of 30 percent are common in the
Residential Demand Module. The prevalence of such high apparent discount rates by consumers has led to
the notion of the “efficiency gap” that is, there are many investments that could be made that provide rates
of return in excess of residential borrowing rates (15 to 20 percent for example). There are several studies
which document instances of apparent high discount rates.9 The efficiency gap literature has been drawn on
as the basis for efficiency standards and Federally-Sponsored voluntary programs under the Climate
Change Action Plan (CCAP) (see on page 23). Once equipment efficiencies for a technology and fuel are
determined, the installed efficiency for its entire stock is calculated.

Appliance Stock Submodule

The Appliance Stock Submodule is an accounting framework which tracks the quantity and average
efficiency of equipment by end use, technology, and fuel. It separately tracks equipment requirements for
new construction and existing housing units. For existing units, this module calculates equipment which
survives from previous years, allows certain end uses to further penetrate into the existing housing stock and
calculates the total number of units required for replacement and further penetration. Air conditioning and
clothes drying are the two end uses not considered to be “fully penetrated.”

Once a piece of equipment enters into the stock, an accounting of its remaining life is begun. It is assumed
that all appliances survive a minimum number of years after installation. A fraction of appliances are
removed from the stock once they have survived for the minimum number of years. Between the minimum
and maximum life expectancy, all appliances retire based on a linear decay function. For example, if an
appliance has a minimum life of 5 years and a maximum life of 15 years, one tenth of the units (1 divided by
15 minus 5) are retired in each of years 6 through 15. It is further assumed that, when a house is retired from
the stock, all of the equipment contained in that house retires as well; i.e., there is no secondhand market for
this equipment.  The assumptions concerning equipment lives are given in Table 8.

Fuel Consumption Submodule

Energy consumption is calculated by multiplying the vintage equipment stocks by their respective UECs.
The UECs include adjustments for the average efficiency of the stock vintages, short term price elasticity of
demand and “rebound” effects on usage (see discussion on page 22), the size of new construction relative to
the existing stock, people per household and shell efficiency and weather effects (space heating and
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cooling). The various levels of aggregated consumption (consumption by fuel, by service, etc.) are derived
from these detailed equipment-specific calculations.

Equipment Efficiency

The average energy consumption of a particular technology is initially based on estimates derived from
RECS 1993. Appliance efficiency is either derived from a long history of shipment data (e.g., the efficiency of
conventional air-source heat pumps) or assumed based on engineering information concerning typical
installed equipment (e.g., the efficiency of ground-source heat pumps). When the average efficiency is
computed from shipment data, shipments going back as far as 20 to 30 years are combined with
assumptions concerning equipment lifetimes. This allows for not only an average efficiency to be
calculated, but also for equipment retirements to be vintaged—older equipment tends to be lower in
efficiency and also tends to get retired before newer, more efficient equipment. Once equipment is retired,
the Appliance Stock and Technology Choice Modules determine the efficiency of the replacement
equipment. It is often the case that the retired equipment is replaced by substantially more efficient
equipment.

As the stock efficiency changes over the simulation interval, energy consumption decreases in inverse
proportion to efficiency. Also, as efficiency increases, the efficiency rebound effect (discussed below) will
offset some of the reductions in energy consumption by increased demand for the end-use service. For
example, if the stock average for electric heat pumps is now 10 percent more efficient than in 1993, then all
else constant (weather, real energy prices, shell efficiency, etc...), energy consumption per heat pump
would average about only 9 percent less.

Adjusting for the Size of New Construction

Information derived from RECS 1993 indicates that new construction (post-1990) is on average roughly 20
percent larger than the existing stock of housing. The residential module uses similar estimates for each
Census Division to model the size of new construction by housing type. The energy consumption for space
heating, air conditioning, and lighting are assumed to increase with the square footage of the structure (all
future new construction is assumed to be of the size of the post-1990 vintage stock from RECS and Bureau
Census data10). This results in an increase in the average size of the housing stock of 1,630 to 1,728 square
feet from 1993 through 2020.

Adjusting for Weather and Climate

Weather in any given year always includes short-term deviations from the expected longer-term average (or
climate). Recognition of the effect of weather on space heating and air conditioning is necessary to avoid
inadvertently projecting abnormal weather conditions into the future. In the residential module,
proportionate adjustments are made to space heating and air conditioning UECs by Census Division. These
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Equipment Minimum  Life Maximum  Life

Heat Pumps 8 16

Central Forced-Air Furnaces 18 29

Hydronic Space Heaters 20 25

Room Air Conditioners 12 19

Central Air Conditioners 8 16

Water Heaters 12 19

Cooking Stoves 16 21

Clothes Dryers 6 30

Refrigerators 7 26

Freezers 11 31

Table 8. Minimum and Maximum Life Expectancies of Equipment

Source:  Lawrence Berkeley Laboratory, Baseline Data for the Residential Sector and Development of a Residential Forecasting
Database, May 1994, and analysis of RECS 1993 data.



adjustments are based on National Oceanographic and Atmospheric Administration (NOAA) data for
heating and cooling degree-days (HDD and CDD). A 10 percent increase in HDD would increase space
heating consumption by 10 percent over what it would have other wise been. The residential module makes
weather adjustments for the years 1993 through 1998. After 1998, long term weather patterns are assumed
to occur.  The residential module uses 30-year averages of HDD and CDD as normal weather conditions.

Short-Term Price Effect and Efficiency Rebound

It is assumed that energy consumption for a given end-use service is affected by the marginal cost of
providing that service. That is, all else equal, a change in the price of a fuel will have an opposite, but less
than proportional, effect on fuel consumption. The current value for the short-term elasticity parameter is
-0.25. This value implies that for a 1 percent increase in the price of a fuel, there will be a corresponding
decrease in energy consumption of -0.25 percent. Another way of affecting the marginal cost of providing a
service is through altered equipment efficiency. For example, a 10 percent increase in efficiency will reduce
the cost of providing the end-use service by 10 percent. Based on the short-term efficiency rebound
parameter, the demand for the service will rise by 1.5 percent (-10 percent multiplied by -0.15). Only space
heating and cooling are assumed to be affected by both elasticities and the efficiency rebound effect.

Shell Efficiency

The shell integrity of the building envelope is an important determinant of the heating and cooling load for
each type of household. In the NEMS Residential Demand Module, the shell integrity is represented by an
index, which changes over time to reflect improvements in the building shell. The shell integrity index is
dimensioned by vintage of house, fuel type, service (heating and cooling), and Census Division. The age,
location, and type of heating fuel are important factors in determining the level of shell integrity. Housing
units which heat with electricity tend to be better insulated than homes that use other fuels. The age of
homes are classified by new (post-1993) and existing. Existing homes are characterized by the RECS 1993
survey and are assigned a shell index value based on the mix of homes that exist in the base year (1993).
The improvement over time in the shell integrity of these homes is a function of two factors—an assumed
annual efficiency improvement and improvements made when real fuel prices increase (no price-related
adjustment is made when fuel prices fall). New homes are more efficient than old homes in terms of their
building envelope. Based on RECS data and existing building codes, newer homes are roughly 10 percent
more efficient than the existing stock, depending upon the heating fuel and Census Division. Over time, the
shell integrity of new homes improves as the stringency of building codes increases. The shell integrity index
affects the space heating and cooling loads directly, causing a decrease in fuel consumed for these services
as the shell integrity improves.

Legislation and Other Federal Programs

Energy Policy Act of 1992 (EPACT)

The EPACT contains several policies which are designed to improve residential sector energy efficiency.
The EPACT policies analyzed in the NEMS Residential Demand Module include the sections relating to
window labeling programs, low-flow showerheads, and building codes. The impact of building codes is
captured in the shell efficiency index for new buildings listed above. Other EPACT provisions, such as home
energy efficiency ratings and energy-efficient mortgages, which allow home buyers to qualify for higher loan
amounts if the home is energy-efficient, are voluntary, and their effects on residential energy consumption
have not been estimated.

The window labeling program is designed to help consumers determine which windows are most energy
efficient. These labels already exist for all major residential appliances. Based on analysis of RECS data, it
is assumed that the window labeling program will decrease heating loads by 8 percent and cooling loads by 3
percent. Approximately 25 percent of the existing (pre-1994) housing stock is affected by this policy by
2015.

The low-flow showerhead program is designed to cut domestic hot water use for showers. It is assumed that
these showerheads cut hot water use by 50 percent for shower use. Since showers account for
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approximately 30 percent of domestic hot water use, total hot water use decreases by 15 percent. It is
further assumed that these showerheads are installed exclusively in new construction.

National Appliance Energy Conservation Act of 1987

The Technology Choice Submodule incorporates equipment standards established by the National
Appliance Energy Conservation Act of 1987 (NAECA). Some of the NAECA standards implemented in the
module include: a Seasonal Energy Efficiency Rating (SEER) of 10.0 for heat pumps; an Annual Fuel
Utilization Efficiency (energy output over energy input) of 0.78 for oil and gas furnaces; an Efficiency Factor
of .88 for electric water heaters; and refrigerator standards that set consumption limits to 976 kilowatt-hours
per year in 1990, 691 kilowatt-hours per year in 1993, and 483 kilowatt-hours per year in 2002.

Climate Change Action Plan

The Climate Change Action Plan (CCAP) contains many policies which are designed to reduce carbon
emissions in the United States to the 1990 levels. The CCAP strategies which directly affect the residential
sector are Actions 8 through 11. The Residential Demand Module for AEO99 includes effects from Action
Items 6, 7, 8, 10, and 11 (the House and Senate appropriations included no funding for Action 9).
Specifically, these sections relate to Federal Efficiency Standards for several household appliances, stricter
building codes, and the expansion of “Golden Carrot” demand-pull type programs. Analyses relating to
CCAP programs are on an ongoing basis, as funding changes over time.

Action Item 6 includes voluntary programs sponsored by the Department of energy (DOE) and the
Environmental Protection Agency (EPA) aimed at market-pull partnerships with industry. Among the
programs in Action Item 6 are DOE’s R&D efforts to commercialize advanced energy-efficient technologies
and  EPA’s Energy Star Programs for residential homes, air conditioning, ductwork and lighting.

CCAP Action Items 8, 10 and 11 are policies designed to reduce energy consumption by strengthening
building shell efficiency and promoting energy efficient mortgages. In AEO99, the shell integrity (efficiency)
of new construction increases relative to 1993 levels as stricter building codes, energy-efficient mortgages,
and home energy rating systems become more widespread. The combined energy savings due to CCAP
Actions 6 through 11 results in approximately 1.2 MMT of carbon emissions savings in the year 2000 and
11.5 MMT in 2010.

Residential Technology Cases

In addition to the AEO99 reference case, three side cases were developed to examine the effect of
equipment and building standards on residential energy use—a 1999 technology case, a best available
technology case, and a high technology case. These side cases were analyzed in stand-alone (not
integrated with the supply modules) NEMS runs and thus do not include supply-responses to the altered
residential consumption patterns of the two cases. AEO99 also analyzed an integrated high technology
case (consumption high technology), which combines the high technology cases of the four end-use
demand sectors and the electricity high fossil technology case.

The 1999 technology case assumes that all future equipment purchases are made based only on equipment
available in 1999. This case further assumes that building shell efficiencies will not improve beyond 1999
levels. In the reference case, the 2020 housing stock shell efficiency is 7 percent higher than in 1993 for
heating (5 percent for cooling).

The high technology case assumes earlier availability, lower costs, and/or higher efficiencies for more
advanced equipment than the reference case. Equipment assumptions were developed by engineering
technology experts, considering the potential impact on technology given increased research and
development into more advanced technologies.11 In the high technology case, heating shell efficiency
increases by 33 percent and cooling shell efficiency by 30 percent, relative to 1993.
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The best available technology case assumes that all equipment purchases from 2000 forward are based on
the highest available efficiency in the high technology case in a particular simulation year, disregarding the
economic costs of such a case. It is merely designed to show how much the choice of the highest-efficiency
equipment could affect energy consumption. In this case, heating shell efficiency increases by 40 percent
and cooling shell efficiency by 38 percent, relative to 1993.
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[8] The Model Documentation Report contains additional details concerning model structure and

operation. Refer to Energy Information Administration, Model Documentation Report: Residential
Sector Demand Module of the National Energy Modeling System, DOE/EIA M065(99), ( January

1999).

[9] Among the explanations often mentioned for observed high average implicit discount rates are:

market failures, (i.e., cases where incentives are not properly aligned for markets to result in

purchases based on energy economics alone); unmeasured technology costs (i.e., extra costs of

adoption which are not  included or difficult to measure like employee down-time); characteristics of

efficient technologies viewed as less desirable than their less efficient alternatives (such as

equipment noise levels or lighting quality characteristics); and the risk inherent in making

irreversible investment decisions.  Examples of market failures/barriers include: decision makers

having less than complete information, cases where energy equipment decisions are made by

parties not responsible for energy bills (e.g., landlord/tenants, builders/home buyers), discount

horizons which are truncated (which might be caused by mean occupancy times that are less than

the simple payback time and that could possibly be classified as an information failure), and lack of

appropriate credit vehicles for making efficiency investments, to name a few.  The use of high

implicit discount rates in NEMS merely recognizes that such rates are typically found to apply to

energy-efficiency investments.

[10] U.S. Bureau of Census, Characteristics of New Housing, C25/95-A.

[11] The high technology assumptions are based on Energy Information Administration, Technology

Forecast Updates-Residential and Commercial Building technologies-Advanced Adoption Case

(Arthur D. Little, Inc., September 1998).

25 Energy Information Administration/Assumptions to the Annual Energy Outlook 1999 - December 16, 1998

Notes and Sources



Commercial Demand Module

The NEMS Commercial Sector Demand Module generates forecasts of commercial sector energy
demand through 2020. The definition of the commercial sector is consistent with EIA’s State Energy
Data System (SEDS). That is, the commercial sector includes business establishments that are not

engaged in transportation or in manufacturing or other types of industrial activity (e.g., agriculture, mining or
construction). The bulk of commercial sector energy is consumed within buildings, however, street lights,
pumps, bridges, and public services are also included if the establishment operating them is considered
commercial. Since most of commercial energy consumption occurs in buildings, the commercial module
relies on the data from the EIA Commercial Buildings Energy Consumption Survey (CBECS) for
characterizing the commercial sector activity mix as well as the equipment stock and fuels consumed to
provide end use services.12

The commercial module forecasts consumption by fuel13 at the Census Division level using prices from the
NEMS energy supply modules, macroeconomic variables from the NEMS Macroeconomic Activity Module
(MAM), as well as external data sources (technology characterizations, for example). Energy demands are
forecast for ten end-use services14 for eleven building categories15 in each of the nine Census Divisions.
The model begins by developing forecasts of floorspace for the 99 building category and Census Division
combinations. Next, the ten end-use service demands required for the projected floorspace are developed.
Technologies are then chosen to meet the projected service demands for the seven major end uses.16 Once
technologies are chosen, the energy consumed by the equipment stock (both previously existing and
purchased equipment) chosen to meet the projected end-use service demands is developed.17

Key Assumptions

The key assumptions made by the commercial module are presented in terms of the flow of the calculations
described above. Each section below will summarize the assumptions in each of the commercial module
submodules: floorspace, service demand, technology choice, and end-use consumption. The four
submodules are executed sequentially in the order presented, and the outputs of each submodule become
the inputs to subsequently executed submodules. As a result, key forecast drivers for the floorspace
submodule are also key drivers for the service demand submodule, and so on.

Floorspace Submodule

Floorspace is forecast by starting with the previous year’s stock of floorspace and eliminating a certain
portion to represent the removal of buildings. Total floorspace is the sum of the surviving floorspace plus
new additions to the stock derived from the Macroeconomic Activity Module’s floorspace projection.18

Existing Floorspace and Attrition

Existing floorspace is based on the estimated floorspace reported in the Commercial Buildings Energy
Consumption Survey 1995 (Table 9). Over time the 1995 stock is projected to decline as buildings are
removed from service (floorspace attrition). Floorspace attrition is estimated by a logistic decay function, the
shape of which is dependent upon the values of two parameters: average building lifetime and gamma.
Gamma controls the acceleration of the rate of retirement around the average building lifetime. The current
values for the average building lifetime and gamma are 59 years and 5.4, respectively.19

New Construction Additions to Floorspace

The commercial module develops estimates of projected commercial floorspace additions by combining the
surviving floorspace estimates with the Data Resources, Inc. (DRI) total floorspace forecast from MAM. A
total NEMS floorspace projection is calculated by applying DRI’s assumed floorspace growth rate within
each Census Division and DRI building type to the corresponding NEMS Commercial Demand Module’s
building types based on the CBECS building types shares. The NEMS surviving floorspace from the
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previous year is then subtracted from the total NEMS floorspace projection for the current year to yield new
floorspace additions.20

Service Demand Submodule

Once the building stock is projected, the Commercial Demand module develops a forecast of demand for
energy-consuming services required for the projected floorspace. The module projects service demands for
the following explicit end-use services: space heating, space cooling, ventilation, water heating, lighting,
cooking, refrigeration, personal computer office equipment, and other office equipment.21 The service
demand intensity (SDI) is measured in thousand Btu of end-use service demand per square foot and differs
across service, Census Division and building type. The SDIs are based on a hybrid engineering and
statistical approach of CBECS consumption data.22 Projected service demand is the product of square feet
and SDI for all end uses across the eleven building categories with adjustments for changes in shell
efficiency for space heating and cooling.

Shell Efficiency

The shell integrity of the building envelope is an important determinant of the heating and cooling loads for
each type of building. In the NEMS Commercial Demand Module, the shell efficiency is represented by an
index, which changes over time to reflect improvements in the building shell. This index is dimensioned by
building type and Census Division and applies directly to heating. For cooling, the effects are computed from
the index, but differ from heating effects, because of different marginal effects of shell integrity and because
of internal building loads. In the AEO99 reference case, shell improvements for new buildings are up to 24
percent more efficient than the 1995 stock of similar buildings. Over the forecast horizon, new building shells
improve in efficiency by 6 percent relative to their efficiency in 1995. For existing buildings, efficiency is
assumed to increase by 4 percent over the 1995 stock average. The shell efficiency index affects the space
heating and cooling service demand intensities causing changes in fuel consumed for these services as the
shell integrity improves.

Technology Choice Submodule

The technology choice submodule develops projections of the results of the capital purchase decisions for
equipment fueled by the three major fuels (electricity, natural gas, and distillate fuel). Capital purchase
decisions are driven by assumptions concerning behavioral rule proportions and time preferences as well as
projected fuel prices, average utilization of equipment (the “capacity factors”), relative technology capital
costs, and operating and maintenance (O&M) costs.
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Assembly Education Food
Sales

Food
Service

Health
Care Lodging Large

Office
Small
Office

Merc/
Service

Ware-
house Other Total

New England 290 567 11 38 70 150 211 351 820 308 324 3,140

Middle Atlantic 846 1,363 68 127 248 199 1,026 656 2,019 1,172 1,020 8,743

East North Central 1,028 1,336 43 417 250 642 869 747 1,994 1,624 705 9,655

West North Central 563 661 25 57 155 267 358 426 1,209 420 528 4,669

South Atlantic 906 932 107 173 270 729 1,099 1,045 2,103 1,543 568 9,475

East South Central 670 379 50 105 137 324 260 335 1,325 1,032 300 4,917

West South Central 797 1,004 129 164 208 261 482 563 1,436 861 533 6,438

Mountain 707 547 85 58 87 383 435 411 456 522 164 3,855

Pacific 934 951 124 213 217 663 1,016 881 1,366 999 516 7,881

United States 6,741 7,740 642 1,352 1,642 3,618 5,756 5,414 12,728 8,481 4,658 58,772

Table 9. 1995 Total Floorspace by Census Division and Principal Building Activity
(Millions of Square Feet)

Source:  Energy Information Administration, Commercial Buildings Energy Consumption Survey 1995 Public Use Data.

Note:  totals may not equal sum of components due to independent rounding.



Decision Types

In each forecast year, equipment is potentially purchased for three “decision types”. Equipment must be
purchased for newly added floorspace and to replace a proportion of equipment in existing floorspace
projected to wear out.23 Equipment is also potentially purchased for retrofitting equipment which has
become economically obsolete. The purchase of retrofit equipment occurs only if the annual operating costs
of a current technology exceed the annualized capital and operating costs of a technology available as a
retrofit candidate.

Behavioral Rules

The commercial module allows the use of three alternate assumptions about equipment choice behavior.
These assumptions constrain the equipment choice among three choice sets, which are progressively more
restrictive. The choice sets vary by decision type and building type:

• Unrestricted Choice Behavior - This rule assumes that commercial consumers consider all types of
equipment that meet a given service, across all fuels, when faced with a capital purchase decision.

• Same Fuel Behavior - This rule restricts the capital purchase decision to the set of technologies that
consume the same fuel that currently meets the decision maker’s service demand.

• Same Technology Behavior - Under this rule, commercial consumers consider only the available
models of the same technology and fuel that currently meet service demand, when facing a capital
stock decision.

Under any of the above three behavior rules, equipment that meets the service at the lowest annualized
lifecycle cost is chosen. Table 10 illustrates the proportions of floorspace subject to the different behavior
rules for space heating technology choices in large office buildings.

Time Preferences

The time preferences of owners of commercial buildings are assumed to be distributed among six alternate
time preference premiums (Table 11). Adding the time preference premiums to the 10-year Treasury Bill
rate results in implicit discount rates, also known as hurdle rates, applicable to the assumed proportions of
commercial floorspace. The effect of the use of this distribution of discount rates is to prevent a single
technology from dominating purchase decisions in the lifecycle cost comparisons. The distribution used for
AEO99 assigns some floorspace a very high discount or hurdle rate to simulate floorspace which will never
retrofit existing equipment and which will only purchase equipment with the lowest capital cost. Discount
rates for the remaining five segments of the distribution get progressively lower, simulating increased
sensitivity to the fuel costs of the equipment that is purchased.
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Unrestricted Same Fuel Same Technology Total

New  Equipment Decision 21 30 49 100

Replacement Decision 8 35 57 100

Retrofit Decision 0 5 95 100

Table 10. Assumed Behavior Rules for Choosing Space Heating Equipment in Large Office Buildings
(Percent)

Source:  Energy Information Administration, Model Documentation Report:  Commercial Sector Demand Module of the National
Energy Modeling System, DOE/EIA-M066(99) (Forthcoming January 1999).



Technology Characterization Database

The technology characterization database organizes all relevant technology data by end use, fuel, and
Census Division. Equipment is identified in the database by a technology index as well as a vintage index,
the index of the fuel it consumes, the index of the service it provides, its initial market share, the Census
Division index for which the entry under consideration applies, its efficiency (or coefficient of performance;
efficacy in the case of lighting equipment), installed capital cost per unit of service demand satisfied,
operating and maintenance cost per unit of service demand satisfied, average service life, year of initial
availability, and last year available for purchase. Equipment may only be selected to satisfy service demand
if the year in which the decision is made falls within the window of availability. Equipment acquired prior to
the lapse of its availability continues to be treated as part of the existing stock and is subject to replacement
or retrofitting. This flexibility in limiting equipment availability allows the direct modeling of equipment
efficiency standards. Table 12 provides a sample of the technology data for space heating in the New
England Census Division.

End-Use Consumption Submodule

The end-use consumption submodule calculates the consumption of each of the three major fuels for the ten
end-use services plus fuel consumption for Cogeneration and district services. For the ten end-use
services, energy consumption is calculated as the end-use service demand met by a particular type of
equipment divided by its efficiency and summed over all existing equipment types. This calculation includes
dimensions for Census Division, building type and fuel. Consumption of the five minor fuels is forecast
based on historical trends.

Equipment Efficiency

The average energy consumption of a particular appliance is based initially on estimates derived from
CBECS 1995. As the stock efficiency changes over the model simulation, energy consumption decreases
nearly, but not quite proportionally to the efficiency increase. The difference is due to the calculation of
efficiency using the harmonic average and also the efficiency rebound effect discussed below. For example,
if on average, electric heat pumps are now 10 percent more efficient than in 1995, then all else constant
(weather, real energy prices, shell efficiency, etc...), energy consumption per heat pump would now average
about 9 percent less. The Service Demand and Technology Choice Submodules together determine the
average efficiency of the stocks used in adjusting the initial average energy consumption.

Adjusting for Weather and Climate

Weather in any given year always includes short-term deviations from the expected longer-term average (or
climate). Recognition of the effect of weather on space heating and air conditioning is necessary to avoid
projecting abnormal weather conditions into the future. In the commercial module, proportionate
adjustments are made to space heating and air conditioning demand by Census Division. These
adjustments are based on NOAA data for HDD and CDD. A 10 percent increase in HDD would increase
space heating consumption by 10 percent over what it would have otherwise been. The commercial module
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Proportion of Floorspace-All
Proportion of Floorspace-Lighting Time Preference Premium

Services Except Lighting

27.0 27.0 1000.0

25.4 25.4 152.9

20.4 20.4 55.4

16.2 16.2 30.9

10.0 6.0 19.9

1.0 5.0 13.6

100.0 100.0 --

Table 11. Assumed Distribution of Time Preference Premiums
(Percent)

Source:  Energy Information Administration. Model Documentation Report:  Commercial Sector Demand Module of the National
Energy Modeling System, DOE/EIA-M066(99) (Forthcoming, January 1999).



makes weather adjustments for the years 1996 through 1998. After 1998, long term weather patterns are
assumed based on 30-year averages of HDD and CDD.

Short-Term Price Effect and Efficiency Rebound

It is assumed that energy consumption for a given end-use service is affected by the marginal cost of
providing that service. That is, all else equal, a change in the price of a fuel will have an inverse, but less than
proportional, effect on fuel consumption. The current value for the short-term elasticity parameter is -0.25
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Equipment Type Vintage Efficiency 1

Capital Cost
($1987 per

Mbtu/hour) 2

Maintenance Cost
($1987 per

Mbtu/hour) 2

Service
Life

(Years)

Electric Heat Pump Current Standard 6.8 $71.92 $2.10 12

1998- typical 7.5 $77.18 $2.10 12

1998- high efficiency 9.4 $96.47 $2.10 12

2005- typical 8.0 $77.18 $2.10 12

2005- high efficiency 9.5 $94.72 $2.10 12

2015 - typical 8.5 $73.67 $2.10 12

2015 - high efficiency 10.0 $91.21 $2.10 12

Ground-Source Heat Pump 1998- typical 3.4 $166.67 $1.35 20

1998- high efficiency 4.0 $250.00 $1.35 20

2005- typical 3.4 $145.83 $1.35 20

2005- high efficiency 4.1 $225.00 $1.35 20

2015- typical 3.8 $135.42 $1.35 20

2015 -high  efficiency 4.2 $197.92 $1.35 20

Electric Boiler Current Standard 0.98 $16.48 $0.09 21

Packaged Electric 1995 0.93 $18.63 $3.29 18

Natural Gas Furnace Current Standard 0.80 $9.21 $0.69 20

1998- high efficiency 0.92 $11.12 $0.67 20

2015 - typical 0.81 $9.21 $0.68 20

Natural Gas Boiler Current Standard 0.80 $7.95 $0.26 25

1998 -  high efficiency 0.90 $11.49 $0.35 25

2005-  typical 0.81 $7.76 $0.26 25

2005- high efficiency 0.90 $9.49 $0.30 25

Natural Gas Heat Pump 1998- engine driven 4.1 $229.17 $4.69 13

2005- engine driven 4.1 $166.67 $3.65 13

2005- absorption 1.4 $173.61 $4.17 15

Distillate Oil Furnace Current Standard 0.81 $10.58 $0.69 15

1998 0.83 $16.06 $0.69 15

2000 0.86 $16.26 $0.69 15

2010 0.89 $16.81 $0.69 15

Distillate Oil Boiler Current Standard 0.83 $12.28 $0.06 20

1998- high efficiency 0.87 $17.19 $0.06 20

2005- typical 0.83 $12.16 $0.06 20

2005- high efficiency 0.87 $16.45 $0.06 20

Table 12. Capital Cost and Efficiency Ratings of Selected Commercial Space Heating Equipment

1_/  Efficiency measurements vary by equipment type.  Electric air-source and natural gas heat pumps are rated for heating performance
using the Heating Seasonal Performance Factor (HSPF); natural gas and distillate furnaces are based on Annual Fuel Utilization Efficiency;
ground-source heat pumps are rated on coefficient of performance; and boilers are based on combustion efficiency.

2_/  Capital and maintenance costs are given in 1987 dollars.

Source:  Arthur D. Little, “EIA Technology Forecast Updates-Residential and Commercial Building Technologies-Reference Case”,
Reference Number 37125, September 1998.



for end uses affected by short-term price effects. For example, for lighting this value implies that for a 1
percent increase in the price of a fuel, there will be a corresponding decrease in energy consumption of 0.25
percent. Another way of affecting the marginal cost of providing a service is through equipment efficiency.
As equipment efficiency changes over time, so will the marginal cost of providing the end-use service. For
example, a 10 percent increase in efficiency will reduce the cost of providing the service by 10 percent. The
short-term elasticity parameter for efficiency rebound effects is -0.15 for affected end uses; therefore, the
demand for the service will rise by 1.5 percent (-10 percent x -0.15). Currently, all services except
refrigeration are affected by the short-term price effect and services affected by efficiency rebound are space
heating and cooling, water heating, ventilation and lighting.

Cogeneration

Nonutility power production applications within the commercial sector are concentrated in education, health
care, office, and warehouse buildings. Historical data from Form EIA-867, Annual Nonutility Power Producer
Report, are used to derive electricity cogeneration for 1996 by Census Division, building type, and fuel. After
1996, a forecast of electricity cogeneration, as disaggregated above, is developed as follows: first, relative
prices of energy sources for generation are compared with the price of electricity; second, if the price of
electricity increases relative to generation fuels, then cogeneration increases based on a sensitivity
parameter.24 If the price of electricity falls relative to the prices of other fuels, then cogeneration decreases
based on the same sensitivity parameter. For each year of the forecast period, all cogenerated electricity is
assumed to be sold to the grid and, subsequently, a portion is bought back to meet part of the consumption
necessary to satisfy service demands.

Legislation and Other Federal Programs

Energy Policy Act of 1992 (EPACT)

A key assumption incorporated in the technology selection process is that the equipment efficiency
standards described in the EPACT constrain minimum equipment efficiencies. The effects of standards are
modeled by modifying the technology database to eliminate equipment that no longer meets minimum
efficiency requirements. For standards effective January 1, 1994, affected equipment includes electric heat
pumps—minimum coefficient of performance of 1.64, furnaces and boilers—minimum annual fuel utilization
efficiency of 0.8, fluorescent lighting—minimum efficacy of 75 lumens per watt, incandescent lighting—
minimum efficacy of 16.9, air conditioners—minimum seasonal energy efficiency ratio of 10.5, electric water
heaters—minimum energy factor of 0.85 and gas and oil water heaters—minimum energy factors of 0.78.

Climate Change Action Plan

The Climate Change Action Plan (CCAP) contains 5 Action Items which affect the commercial sector.
Action Items 1, 4 and 5 are designed to stimulate investment in more efficient building shells and equipment
for heating, cooling and other end uses. Action Item 2, EPA’s Green Lights Program targets the retrofitting of
lighting equipment. Action Item 3 was unfunded and therefore not modeled. The commercial module
includes several features that allow projected efficiency to increase in response to voluntary programs (e.g.,
the distribution of time preference premiums and shell efficiency parameters). For Action Items 1, 2, 4 and 5,
retrofits of equipment for space heating and air conditioning are incorporated in the distribution of premiums
given in Table 11. Also, based partly on these actions, the shell efficiency of new and existing buildings is
assumed to increase from 1995 through 2020. Shells for new buildings increase in efficiency by 6 percent
over this period, while shells for existing buildings increase in efficiency by 4 percent. In total, the action
items result in energy savings which are estimated to reduce carbon emissions by the commercial sector by
13.0 million metric tons for the year 2010.
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Commercial Technology Cases

In addition to the AEO99 reference case, three side cases were developed to examine the effect of
equipment and building standards on commercial energy use—a 1999 technology case, a high technology
case, and a best available technology case. These side cases were analyzed in stand-alone (not integrated
with the NEMS demand and supply modules) commercial model runs and thus do not include
supply-responses to the altered commercial consumption patterns of the three cases. AEO99 also
analyzed an integrated high technology case (consumption high technology), which combines the high
technology cases of the four end-use demand sectors and the electricity high fossil technology case.

The 1999 technology case assumes that all future equipment purchases are made based only on equipment
available in 1999. This case further assumes building shell efficiency to be fixed at 1999 levels. In the
reference case, existing building shells are allowed to increase in efficiency by 4 percent over 1995 levels,
new building shells improve by 6 percent by 2020 relative to new buildings in 1995.

The high technology case assumes earlier availability, lower costs, and/or higher efficiencies for more
advanced equipment than the reference case. Equipment assumptions were developed by engineering
technology experts, considering the potential impact on technology given increased research and
development into more advanced technologies.11 In the high technology case, building shell efficiencies are
assumed to improve 50 percent faster than in the reference case from 2000 forward. Existing building shells,
therfore, increase by 5.6 percent relative to 1995 levels and new building shells by 8.4 percent relative to
their efficiency in 1995 by 2020.

The best available technology case assumes that all equipment purchases from 2000 forward are based on
the highest available efficiency in the high technology case in a particular simulation year, disregarding the
economic costs of such a case. It is merely designed to show how much the choice of the highest-efficiency
equipment could affect energy consumption. Shell effects in this case are assumed to be the same as for
the high technology case above.

Fuel shares, where appropriate for a given end use, are allowed to change in the technology cases as the
available technologies from each technology type compete to serve certain segments of the commercial
floorspace market. For example, in the best available technology case, the most efficient gas furnace
technology competes with the most efficient electric heat pump technology. This contrasts with the
reference case, in which, a greater number of technologies for each fuel with varying efficiencies all
compete to serve the heating end use. In general, the fuel choice will be affected as the available choices
are constrained or expanded, and will thus differ across the cases.
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[12]  Energy Information Administration, A Look at Commercial Buildings  in 1995: Characteristics ,
Energy Consumption, and Energy Expenditures, DOE/EIA-0625(95), (Washington, DC, October 1998).

[13]  The fuels accounted for by the commercial module are electricity, natural gas, distillate fuel oil,
residual fuel oil, liquefied petroleum gas (LPG), coal, motor gasoline, and kerosene.  In addition to these
fuels the use of solar energy is projected based on an exogenous forecast.

[14]  The end-use services in the commercial module are heating, cooling, water heating, ventilation,
cooking, lighting, refrigeration, PC and non-PC office equipment and a category denoted other to account
for all other minor end uses.

[15]  The 11 building categories are assembly, education, food sales, food services, health care, lodging,
large offices, small offices, mercantile/services, warehouse and other.

[16]  Minor end uses are modeled based on penetration rates and efficiency trends.

[17]  The detailed documentation of the commercial module contains additional details concerning model
structure and operation.  Refer to Energy Information Administration, Model Documentation Report:
Commercial Sector Demand Module of the National Energy Modeling System, DOE/EIA M066(99),
(Forthcoming January 1999).

[18]  The floorspace from the Macroeconomic Activity Model is based on the Data Resources
Incorporated (DRI) floorspace estimates which are approximately 15 percent lower than the estimate
obtained from the CBECS used for the Commercial module.  The DRI forecast is developed using the
F.W. Dodge data on commercial floorspace.  See F.W. Dodge, Building Stock Database Methodology
and 1991 Results, Construction Statistics and Forecasts, F.W. Dodge, McGraw-Hill.

[19]  The commercial module performs attrition for 9 vintages of floorspace developed from the CBECS
1995 stock estimate and historical floorspace additions data from F.W. Dodge data.

[20]   In the event that the computation of additions produce a negative value for a specific building type, it
is assumed to be zero.

[21]  “Other office equipment” includes copiers, fax machines, typewriters, cash registers, and other
miscellaneous office equipment.  A tenth category denoted other includes equipment such as elevators,
medical, and other laboratory equipment, communications equipment, security equipment,  and
miscellaneous electrical appliances.  Commercial energy consumed outside of buildings and for
cogeneration is also included in the “other” category.

[22]  Based on updated estimates using CBECS 1995 data and the methodology described in End-Use
Energy Consumption Estimates for U.S. Commercial Buildings, 1992, Belzer, D.B., and Wrench, L.E.,
Pacific Northwest Laboratories, PNNL-11514, Prepared for the U.S. DOE under Contract
DE-AC06-76RLO-1830, (Richland, WA, March, 1997).

[23]  The proportion of equipment retiring is inversely related to the equipment life.

[24]  The sensitivity parameter assumes that a 10 percent change in relative prices results in a 1 percent
change in Cogeneration activity.
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Industrial Demand Module

The NEMS Industrial Demand Module estimates energy consumption by energy source (fuels and
feedstocks) for 9 manufacturing and 6 nonmanufacturing industries. The manufacturing industries are
further subdivided into the energy-intensive manufacturing industries and nonenergy-intensive

manufacturing industries. The distinction between the two sets of manufacturing industries pertains to the
level of modeling. The energy-intensive industries are modeled through the use of a detailed process flow
accounting procedure, whereas the nonenergy-intensive and the nonmanufacturing industries are modeled
with substantially less detail (Table 13). The Industrial Demand Module forecasts energy consumption at the
four Census region levels; energy consumption at the Census Division level is allocated by using the
SEDS25 data.

The energy-intensive industries (food and kindred products, paper and allied products, bulk chemicals, glass
and glass products, hydraulic cement, blast furnace and basic steel products, and primary aluminum) are
modeled in considerable detail. Each industry is modeled as three separate but interrelated components
consisting of the Process Assembly (PA) Component, the Buildings Component (BLD), and the
Boiler/Steam/Cogeneration (BSC) Component. The BSC Component satisfies the steam demand from the
PA and BLD Components. In some industries, the PA Component produces byproducts that are consumed
in the BSC Component. For the energy-intensive industries, the PA Component is separated into the major
production processes or end uses.

Petroleum refining (Standard Industrial Classification 2911) is modeled in detail in a separate module of
NEMS, and the projected energy consumption is included in the manufacturing total. Forecasts of refining
energy use and oil and gas lease and plant fuel and fuels consumed in cogeneration (Standard Industrial
Classification 1311) are exogenous to the Industrial Demand Module, but endogenous to the NEMS
modeling system.

Key Assumptions

The NEMS Industrial Demand Module primarily uses a bottom-up process modeling approach. An energy
accounting framework traces energy flows from fuels to the industry’s output. An important assumption in
the development of this system is the use of 1994 baseline Unit Energy Consumption (UEC) estimates
based on analysis of the Manufacturing Energy Consumption Survey 1994.26 The UEC represents the
energy required to produce one unit of the industry’s output. The output may be defined in terms of physical
units (e.g., tons of steel) or in terms of the dollar value of output.

The module depicts the seven most energy-intensive manufacturing industries (apart from petroleum
refining, which is modeled in the Petroleum Market Module of NEMS) with a detailed process flow approach.
The dominant process technologies are characterized by a combination of unit energy consumption
estimates and “technology possibility curves.” The technology possibility curves indicate the energy
intensity of new and existing stock relative to the 1994 stock over time. Rates of energy efficiency
improvements assumed for new and existing plants vary by industry and process. These assumed rates
were developed using professional engineering judgments regarding the energy characteristics, year of
availability, and rate of market adoption of new process technologies.
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Process/Assembly Component

The Process/Assembly (PA) Component models each major manufacturing production step for the
energy-intensive industries. The throughput production for each process step is computed as well as the
energy required to produce it.

Within this component, the UEC is adjusted based on the technology possibility curves for each step. For
example, additions to waste fiber pulping capacity are assumed to require only 93 percent as much energy
as does the average existing plant (Table 14). The technology possibility curve is a means of embodying
assumptions regarding new technology adoption in the manufacturing industry and the associated
increased energy efficiency of capital without characterizing individual technologies. It is unlikely that new
technology is employed in all new capacity additions. Many facilities will only partially incorporate the
technology or will need time to debug the operating aspects of the newly installed capacity. To some extent,
all industries will increase the energy efficiency of their process and assembly steps. The reasons for the
increased efficiency are not likely to be directly attributable to changing energy prices but due to other
exogenous factors. Since the exact nature of the technology improvement is too uncertain to model in detail,
the module employs a technology possibility curve to characterize the bundle of technologies available for
each process step.

Fuel shares for process and assembly energy use in six of the energy-intensive manufacturing industries27

are adjusted for changes in relative fuel prices. The six industries are food, paper, chemicals, glass, cement,
and steel. In each industry, two logit fuel-sharing equations are applied to revise the initial fuel shares
obtained from the process-assembly component. The resharing does not affect the industry’s total energy
use-only the fuel shares. The methodology adjusts total fuel shares across all process stages and vintages
of equipment to account for aggregate market response to changes in relative fuel prices.
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Energy-Intensive
Manufacturing

Nonenergy-Intensive
Manufacturing

Nonmanufacturing
Industries

Food and Kindred Products (SIC 20) Metals-Based Durables
(SIC 34, 35,
36, 37, 38)

Agricultural
Production -Crops

(SIC 01)

Paper and Allied Products (SIC 26)
Other Manufacturing (all remaining

manufacturing
SIC)

Other Agriculture
Including Livestock

(SIC 02, 07,
08, 09)

Bulk Chemicals (SIC 281,
282, 286, 287)

Coal Mining (SIC 12)

Glass and Glass Products (SIC 321,
322, 329)

Oil and Gas Mining (SIC 13)

Hydraulic Cement (SIC 324)
Metal and Other
Nonmetallic
Mining

(SIC 10, 14)

Blast Furnaces and Basic Steel (SIC 331) Construction (SIC 15, 16,
17)

Primary Aluminum (SIC 3334)

Table 13. Industry Categories

SIC = Standard Industrial Classification.

Source:  Office of Management and Budget, Standard Industrial Classification Manual 1987 (Springfield, VA, National Technical Information
Service).
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Industry/
Process Unit

Old Facilities New Facilities

REI 1994 REI1 2020 Slope b REI 1994 REI 1 2020 Slope b

Food 1.000 0.892 -0.0044 0.900 0.792 -0.0049

Pulp & Paper

Wood Preparation 1.000 0.909 -0.0037 0.840 0.830 -0.0004

Waste Pulping 1.000 0.938 -0.0025 0.930 0.882 -0.0021

Mechanical Pulping 1.000 0.904 -0.0039 0.840 0.821 -0.0009

Semi-Chemical 1.000 0.870 -0.0054 0.794 0.756 -0.0019

Kraft, Sulfite, misc. chemicals 1.000 0.784 -0.0093 0.730 0.590 -0.0082

Bleaching 1.000 0.879 -0.0050 0.852 0.769 -0.0039

Paper Making 1.000 0.763 -0.0104 0.750 0.546 -0.0122

Bulk Chemicals 1.000 0.892 -0.0044 0.900 0.792 -0.0049

Glass 1

Batch Preparation 1.000 0.936 -0.0025 0.882 0.882 0

Melting/Refining 1.000 0.783 -0.0094 0.877 0.577 -0.0160

Forming 1.000 0.912 -0.0035 0.921 0.831 -0.0040

Post-Forming 1.000 0.871 -0.0053 0.780 0.759 -0.0011

Cement

Dry Process 1.000 0.815 -0.0078 0.790 0.646 -0.0077

Wet Process2 1.000 0.954 -0.0025 NA NA NA

Finish Grinding 1.000 0.899 -0.0041 0.813 0.813 0

Steel 3

Coke Oven 1.000 0.904 -0.0039 0.840 0.820 -0.0009

BF/BOF 1.000 0.899 -0.0041 1.000 0.799 -0.0086

EAF 1.000 0.919 -0.0033 0.960 0.841 -0.0051

Ingot Casting/Primary Rolling2 1.000 1.000 0 NA NA NA

Continuous Casting 1.000 1.000 0 1.000 1.000 0

Hot Rolling 1.000 0.672 -0.0152 0.500 0.381 -0.0104

Cold Rolling 1.000 0.768 -0.0101 0.840 0.550 -0.0162

Aluminum

Primary aluminum 1.000 0.898 -0.0041 0.910 0.804 -0.0048

Semi-Fabrication 1.000 0.734 -0.0118 0.610 0.497 -0.0078

Table 14. Coefficients for Technology Possibility Curve

1REIs and slope apply to virgin and recycled materials.
2No new plants are likely to be built with these technologies.
3Net shape casting is projected to reduce the energy requirements for hot and cold rolling rather than for the continuous casting step.
4SIC = Standard Industrial Classification.

REI = Relative Energy Intensity.

NA = Not applicable.

BF = Blast furnace.

BOF = Basic oxygen furnace.

EAF = Electric arc furnace.

Source:  Energy Information Administration, Model Documentation Report, Industrial Sector Demand Module of the National Energy Modeling
System, DOE/EIA-M064(99) (Washington, DC, January 1999).



The fuel share adjustments are done in two stages. The first stage determines the fuel shares of electricity
and nonelectricity energy. The latter group excludes boiler fuel and feedstocks. The second stage
determines the fossil fuel shares of nonelectricity energy. In each case, a new fuel-group share, NEWSHRi,
is established as a function of the initial, default fuel-group shares, DEFLTSHRj and fuel-group prices
indices, PRCRATi. The price indices are the ratio of the current year price to the base year price, in real
dollars.  The formulation is as follows:

NEWSHRi
DEFLTSHRi e i i PRCRATi

DEFLTSHRi e j

=
∗ − ∗

∗
−

( )

(

β β

β β j PRCRATj

j

N ∗

=
∑

)

1

The coefficients bj are all assumed to be 0.2.

The form of the equation results in unchanged fuel shares when the price indices are all 1, or unchanged
from their 1997 levels.  The implied own-price elasticity of demand is about -0.1.

Byproducts produced in the PA Component serve as fuels for the BSC Component. In the industrial module,
byproducts are assumed to be consumed before purchased fuel.

Buildings Component

The total buildings energy demand by industry for each region is the product of the building UEC and
regional industrial employment. Building UEC’s were derived by first estimating energy requirements for
building lighting, air conditioning, and space heating, where space heating was further divided to estimate
the amount provided by direct combustion of fossil fuels and that provided by steam (Table 15). Energy
consumption in the BLD Component for an industry is assumed to grow at the same rate as regional
employment for that industry.

Boiler/Steam/Cogeneration Component

The steam demand and byproducts from the PA and BLD Components are passed to the BSC Component,
which applies a heat rate and a fuel share equation (Table 16) to the boiler steam requirements to compute
the required energy consumption.
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Industry

Building Use and Energy Source

Lighting
Electric UEC

HVAC

Electric UEC Natural Gas UEC Steam  UEC

Food & Kindred Products 0.007 0.009 0.014 0.045

Paper & Allied Products 0.0131 0.016 0.023 0.0082

Bulk Chemicals 0.0159 0.0299 0.68 0.0058

Glass and Glass Products 0.0133 0.019 0.044 0.004

Hydraulic Cement 0.029 0.029 0.029 0.0568

Blast Furnaces & Basic Steel 0.0123 0.0184 0.0674 0.011

Primary Aluminum 0.0187 0.0266 0.0062 0.0053

Metal Based Durables 0.0083 0.0125 0.0153 0.0019

Other Non-Intensive MFG Fabricated Metals 0.007 0.0103 0.0134 0.0036

Table 15. Building Component Unit Energy Consumption
(Trillion Btu/Thousand People Employed)

UEC = Unit Energy Consumption.

HVAC = Heating, Ventilation, Air Conditioning.

Source:  Energy Information Administration, Model Documentation Report: Industrial Sector Demand Module of the National Energy
Modeling System, DOE/EIA-MO64( 99), (Washington, DC, January 1999).



The boiler fuel shares are calculated using a logit formulation. The equation is calibrated to 1994 so that the
actual boiler fuel shares are produced for the relative prices that prevailed in 1994. The equation for each
manufacturing industry is as follows:

ShareFueli
Pi i

Pi i
i

=

=
∑

( )

( )

α β

α β
1

3

where the fuels are coal, petroleum, and natural gas. The Pi are the fuel prices; α i are sensitivity parameters;
and the βi are calibrated to reproduce the 1994 fuel shares using the relative prices that prevailed in 1994.
The byproduct fuels are consumed before the quantity of purchased fuels is estimated. The boiler fuel
shares are assumed to be those estimated using the 1994 MECS.28

Technology

The amount of energy consumption reported by the industrial module is also a function of vintage of the
capital stock that produces the output. It is assumed that new vintage stock will consist of state-of-the-art
technologies that are more energy efficient than the average efficiency of the existing capital stock.
Consequently, the amount of energy required to produce a unit of output using new capital stock is less than
that required by the existing capital stock. Capital stock is grouped into three vintages: old, middle, and new.
The old vintage consists of capital in production prior to 1995 and is assumed to retire at a fixed rate each
year (Table 17). Middle vintage capital is that which is added after 1994 but not including the year of the
forecast. New production capacity is built in the forecast years when the capacity of the existing stock of
capital in the industrial model cannot produce the output forecasted by the NEMS Regional Macroeconomic
Model. Capital additions during the forecast horizon are retired in subsequent years at the same rate as the
pre-1995 capital stock.

The energy intensity of the new capital stock relative to 1994 capital stock is reflected in the parameter of the
technology possibility curve estimated for the major production steps for each of the energy-intensive
industries. These curves are based on engineering judgment of the likely future path of energy intensity
changes (Table 14). The energy intensity of the existing capital stock also is assumed to decrease over time,
but not as rapidly as new capital stock. The net effect is that over time the amount of energy required to
produce a unit of output declines. Although total energy consumption in the industrial sector is projected to
increase, overall energy intensity is projected to decrease.

Cogeneration

Cogeneration (the generation of electricity and steam) has been a standard practice in the industrial sector
for many years. The cogeneration estimates in the module are based on the assumption that the historical
relationship between industrial steam demand and cogeneration will continue in the future. The data source
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Industry Alpha Natural Gas Steam Coal Oil

Food -0.25 0.55 0.21 0.24

Paper and Allied Products -0.25 0.51 0.34 0.16

Bulk Chemicals -0.25 0.59 0.11 0.30

Glass and Glass Products -0.25 0.91 0.0 0.09

Cement -0.25 0.97 0.0 0.03

Steel -0.25 0.27 0.15 0.58

Aluminum -0.25 1.00 0.0 0.0

Metals-Based Durables -0.25 0.67 0.25 0.08

Other Non-Int MFG -0.25 0.69 0.21 0.09

Table 16. Logit Function Parameters for Estimating Boiler Fuel Shares

Source:  Energy Information Administration, Model Documentation Report: Industrial Sector Demand Module of the National
Energy Modeling System, DOE/EIA-MO64(99), (Washington, DC, January 1999).

Alpha:  User-specified.



is Form EIA-867, Annual Nonutility Power Producer Report, consisting of data from approximately 400
cogenerators for 1989-1994.

Legislation

Energy Policy Act of 1992 (EPACT)

EPACT and the Clean Air Act Amendments of 1990 (CAAA90) contain several implications for the industrial
module. These implications fall into three categories: coke oven standards; efficiency standards for boilers,
furnaces, and electric motors; and industrial process technologies. The industrial module assumes the
leakage standards for coke oven doors do not reduce the efficiency of producing coke or increase unit
energy consumption. The industrial module uses heat rates of 1.25 (80 percent efficiency) and 1.22 (82
percent efficiency) for gas and oil burners respectively. These efficiencies meet the EPACT standards. The
standards for electric motors call for a 10-percent efficiency increase. The industrial module incorporates a
10-percent savings for state-of-the-art motors increasing to 20-percent savings in 2015. Given the time lag
in the legislation and the expected lifetime of electric motors, no further adjustments are necessary to meet
the EPACT standards for electric motors. The industrial module incorporates the necessary reductions in
unit energy consumption for the energy-intensive industries.

Climate Change Action Plan

Several programs included in the Climate Change Action Plan (CCAP) target the industrial sector. Note that
the potential impacts of the Climate Wise Program are also included in the CCAP impacts. The intent of
these programs is to reduce greenhouse gas emissions by lowering industrial energy consumption. The
Department of Energy (DOE) program offices estimated that full implementation of these programs would
reduce industrial electricity consumption by 79 billion kilowatthours and fossil energy consumption by 359
trillion Btu by 2010. However, since the energy savings associated with the voluntary programs in the CCAP
largely duplicate savings that would have occurred in their absence and since some programs were not fully
funded, total CCAP energy savings were reduced. The Annual Energy Outlook 1999 (AEO99) assumes that
CCAP reduces electricity consumption by 41 billion kilowatthours and fossil energy consumption by 90
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Industry Retirement Rate
(percent) Industry Retirement Rate

(percent)

Food and Kindred Products. . . . . . . . . . . . . . 1.7 Glass and Glass Products . . . . . . . . . . . . . . . . . 1.3

Pulp and Paper . . . . . . . . . . . . . . . . . . . . .. .. 2.3 Hydraulic Cement . . . . . . . . . . . . . . . . . . . . . . . 1.2

Bulk Chemicals . . . . . . . . . . . . . . . . . . . . .. 1.9 Glass and Glass Products . . . . . . . . . . . . . . . . . . 1.3

Blast Furnace and Basic Steel Products Primary Aluminum . . . . . . . . . . . . . . . . . . . . . . . 2.1

Blast Furnace/Basic Oxygen  Furnace . . . 1.0 Metal-Based Durables. . . . . . . . . . . . . . . . . . . . . 1.5

Metal-Based Durables. . . . . . . . . . . . . . . . . 1.5 Other MFG. . . . . . . . . . . . . . . . . . . .. . . . . . . . . . . 2.3

Electric Arc Furnace . . . . . . . . . . . . .  . . . . 1.5

Coke Ovens . . . . . . . . . . . . . . . . . . . . . . . . 1.5

Other Steel . . . . . . . . . . . . . . . . . . . . . . . . 2.9

Table 17. Retirement Rates

Source:  Energy Information Administration, Model Documentation Report: Industrial Sector Demand Module of the National Energy
Modeling System, DOE/EIA-MO64(99), (Washington, DC, January 1999).

Note:  Except for the Blast Furnace and Basic Steel Products Industry,  the retirement rate is the same for each process step or
end-use within an industry.



trillion Btu in 2010. The fossil energy is assumed to be 85 percent natural gas and 15 percent steam coal. In
this situation, carbon emissions would be reduced by about 7 million metric tons (1 percent) in 2010.

High Technology and 1999 Technology Cases

The high technology case assumes earlier availability, lower costs, and higher efficiency for more advanced
equipment.29 Changes in aggregate energy intensity result both from changing equipment and production
efficiency and from changes in the composition of industrial output. Since the composition of industrial
output remains the same as in the reference case, aggregate intensity declines by only 1.4 percent annually
even though the intensity declines for some individual industries doubles. In the reference case, aggregate
intensity declines by 1.0 percent  annually.

AEO99 also analyzed an integrated high technology case (consumption high technology), which combines
the high technology cases of the four end-use demand sectors and the electricity high fossil technology
case.

1999 technology case holds the energy efficiency of plant and equipment constant at the 1999 level over the
forecast. Both cases were run with only the Industrial Demand Module rather than as a fully integrated
NEMS run, (i.e., the other demand models and the supply models of NEMS were not executed).
Consequently, no potential feedback effects from energy market interactions were captured.
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[25] Energy Information Administration, State Energy Data Report 1995, DOE/EIA-0214(95),
(Washington, D.C., August 1998).

[26] Energy Information Administration, Manufacturing Consumption of Energy 1994,
DOE/EIA-0512(94), (Washington, D.C., December 1997).

[27] Primary aluminum is excluded because they use only electricity in the process and assembly

component.

[28] Energy Information Administration, Manufacturing Energy Consumption Survey:  Consumption of
Energy 1994, DOE/EIA-0512(94), (Washington, D.C., December 1994).

[29] These assumptions are based in part on Arthur D. Little, “Aggressive Technology for the NEMS
model,” (September 1998).
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Transportation Demand Module

The NEMS Transportation Demand Module estimates energy consumption across the nine Census
Divisions and over ten fuel types. Each fuel type is modeled according to fuel-specific technology
attributes applicable by transportation mode. Total transportation energy consumption is the sum of

energy use in eight transport modes: light-duty vehicles (cars, light trucks, industry sport utility vehicles and
vans), commercial light trucks (8501-10,000 lbs), freight trucks (>10,000 lbs), freight and passenger
airplanes, freight rail, freight shipping, mass transit, and miscellaneous transport such as mass transit.
Light-duty vehicle fuel consumption is further subdivided into personal usage and commercial fleet
consumption.

Key Assumptions

Macroeconomic Sector Inputs

Macroeconomic sector inputs used in the NEMS Transportation Demand Module (Table 18) consist of the
following: gross domestic product (GDP), industrial output by Standard Industrial Classification code,
personal disposable income, new car and light truck sales, total population, driving age population, total
value of imports and exports, and the military budget. The share of total vehicle sales that represent light
truck sales is assumed to approach forty-six percent by 2020.

Light-Duty Vehicle Assumptions

The light duty vehicle Fuel Economy Module includes 59 fuel saving technologies with data specific to car
and light truck including incremental fuel efficiency improvement, incremental cost, first year of introduction,
and fractional horsepower change. These assumed technology characterizations are scaled up or down to
approximate the differences in each attribute for 6 EPA size classes of cars and light trucks (Tables 19 and
20).

The vehicle sales share module holds vehicle sales shares by import and domestic manufacturers constant
within a vehicle size class at 1997 level from the National Highway Traffic and Safety Administration data.30
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Macroeconomic Input 1995 2000 2005 2010 2015 2020

New Car Sales 7.8 7.7 7.5 7.9 8.1 8.0

New Light Truck Sales 5.8 6.1 6.4 6.9 6.9 6.9

Real Disposable Income
(billion 1992 Chain-Weighted Dollars)

5,183 5,622 6,311 7,170 8,006 8,905

Real GDP (billion 1992 Chain-Weighted Dollars) 7,270 7,830 8,769 9,896 10,800 11,680

Driving Age Population 206.3 212.8 223.5 235.0 245.4 255.1

Total Population 268.2 275.2 286.5 298.3 310.7 323.4

Table 18. Macroeconomic Inputs to the Transportation Module
(Millions)

Source:  Energy Information Administration, AEO99 National Energy Modeling System run: aeo99b.d100198a.
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Fractional
Fuel

Efficiency
Change

Incremental
Cost

(1990 $)

Incremental
Cost

($/Unit Wt.)

Incremental

Weight
(Lbs.)

Incremental
Weight

(Lbs./Unit
Wt.)

First
Year

Introduced

Fractional
Horsepower

Change

Front Wheel Drive 0.060 160 0.00 0 -0.08 1980 0
Unit Body 0.040 80 0.00 0 -0.05 1980 0

Material Substitution II 0.033 0 0.60 0 -0.05 1987 0
Material Substitution III 0.066 0 0.80 0 -0.10 1997 0
Material Substitution IV 0.099 0 1.00 0 -0.15 2007 0
Material Substitution V 0.099 0 1.50 0 -0.20 2017 0

Drag Reduction II 0.132 32 0.00 0 0.00 1985 0
Drag Reduction III 0.023 64 0.00 0 0.05 1991 0
Drag Reduction IV 0.046 112 0.00 0 0.01 2004 0
Drag Reduction V 0.069 176 0.00 0 0.02 2014 0

TCLU 0.092 40 0.00 0 0.00 1980 0
4-Speed Automatic 0.030 225 0.00 30 0.00 1980 0.05
5-Speed Automatic 0.045 325 0.00 40 0.00 1995 0.07

CVT 0.100 250 0.00 20 0.00 1995 0.07
6-Speed Manual 0.020 100 0.00 30 0.00 1991 0.05

Electronic Transmission I 0.005 20 0.00 5 0.00 1988 0
Electronic Transmission II 0.015 40 0.00 5 0.00 1998 0

Roller Cam 0.020 16 0.00 0 0.00 1987 0
OHC 4 0.030 100 0.00 0 0.00 1980 0.20
OHC 6 0.030 140 0.00 0 0.00 1980 0.20
OHC 8 0.030 170 0.00 0 0.00 1980 0.20
4C/4V 0.080 240 0.00 30 0.00 1988 0.45
6C/4V 0.080 320 0.00 45 0.00 1991 0.45
8C/4V 0.080 400 0.00 60 0.00 1991 0.45

Cylinder Reduction 0.030 -100 0.00 -150 0.00 1988 -0.10
4C/5V 0.100 300 0.00 45 0.00 1998 0.55
Turbo 0.050 500 0.00 80 0.00 1980 0.45

Engine Friction Reduction I 0.020 20 0.00 0 0.00 1987 0
Engine Friction Reduction II 0.035 50 0.00 0 0.00 1996 0
Engine Friction Reduction III 0.050 90 0.00 0 0.00 2006 0
Engine Friction Reduction IV 0.065 140 0.00 0 0.00 2016 0

VVT I 0.080 140 0.00 40 0.00 1998 0.10
VVT II 0.100 180 0.00 40 0.00 2008 0.15

Lean Burn 0.100 150 0.00 0 0.00 2099 0
Two Stroke 0.150 150 0.00 -150 0.00 2099 0

TBI 0.020 40 0.00 0 0.00 1982 0.05
MPI 0.035 80 0.00 0 0.00 1987 0.10

Air Pump 0.010 0 0.00 -10 0.00 1982 0
DFS 0.015 15 0.00 0 0.00 1987 0.10

Oil 5W-30 0.005 2 0.00 0 0.00 1987 0
Oil Synthetic 0.015 5 0.00 0 0.00 1997 0

Tires I 0.010 16 0.00 0 0.00 1992 0
Tires II 0.020 32 0.00 0 0.00 2002 0
Tires III 0.030 48 0.00 0 0.00 2012 0
Tires IV 0.040 64 0.00 0 0.00 2018 0
ACC I 0.005 15 0.00 0 0.00 1992 0
ACC II 0.010 30 0.00 0 0.00 1997 0
EPS 0.015 40 0.00 0 0.00 2002 0

4WD Improvements 0.030 100 0.00 0 -0.05 2002 0
Air Bags -0.010 300 0.00 35 0.00 1987 0

Emissions Tier I -0.010 150 0.00 10 0.00 1994 0
Emissions Tier II -0.010 300 0.00 20 0.00 2003 0

ABS -0.005 300 0.00 10 0.00 1987 0
Side Impact -0.005 100 0.00 20 0.00 1996 0
Roof Crush -0.003 100 0.00 5 0.00 2001 0

Increased Size/Wt. -0.133 0 0.00 0 0.20 1991 0
GDI/4-cyl 0.170 1000 0.00 0 0.00 2005 0
GDI/6-cyl 0.170 1200 0.00 0 0.00 2005 0

Gasoline Hybrid 0.450 0 75.00 0 0.05 2001 0

Table 19. Standard Technology Matrix For Cars

N/A = Non Applicable

Source:  Energy and Environment Analysis, Changes to the Fuel Economy Module Final Report, prepared for the Energy Information
Administration (EIA), (June 1998).
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Fractional
Fuel

Efficiency
Change

Incremental
Cost

(1990 $)

Incremental
Cost

($/Unit Wt.)

Incremental
Weight
(Lbs.)

Incremental
Weight

(Lbs./Unit
Wt.)

First Year
Introduced

Fractional
Horsepower

Change

Front Wheel Drive 0.020 160.00 0.00 0 -0.08 1985 0
Unit Body 0.060 80.00 0.00 0 -0.05 1995 0

Material Substitution II 0.033 0.00 0.60 0 -0.05 1996 0
Material Substitution III 0.066 0.00 0.80 0 -0.10 2006 0
Material Substitution IV 0.099 0.00 1.00 0 -0.15 2016 0
Material Substitution V 0.132 0.00 1.50 0 -0.20 2026 0

Drag Reduction II 0.023 32.00 0.00 0 0.00 1990 0
Drag Reduction III 0.046 64.00 0.00 0 0.05 1997 0
Drag Reduction IV 0.069 112.00 0.00 0 0.01 2007 0
Drag Reduction V 0.092 176.00 0.00 0 0.02 2017 0

TCLU 0.030 40.00 0.00 0 0.00 1980 0
4-Speed Automatic 0.045 225.00 0.00 30 0.00 1980 0.05
5-Speed Automatic 0.065 325.00 0.00 40 0.00 1997 0.07

CVT 0.100 250.00 0.00 20 0.00 2005 0.07
6-Speed Manual 0.020 100.00 0.00 30 0.00 1997 0.05

Electronic Transmission I 0.005 20.00 0.00 5 0.00 1991 0
Electronic Transmission II 0.015 40.00 0.00 5 0.00 2006 0

Roller Cam 0.020 16.00 0.00 0 0.00 1986 0
OHC 4 0.030 100.00 0.00 0 0.00 1980 0.15
OHC 6 0.030 140.00 0.00 0 0.00 1985 0.15
OHC 8 0.030 170.00 0.00 0 0.00 1995 0.15
4C/4V 0.060 240.00 0.00 30 0.00 1990 0.30
6C/4V 0.060 320.00 0.00 45 0.00 1990 0.30
8C/4V 0.060 400.00 0.00 60 0.00 2002 0.30

Cylinder Reduction 0.030 -100.00 0.00 -150 0.00 1990 -0.10
4C/5V 0.080 300.00 0.00 45 0.00 1997 0.55
Turbo 0.050 500.00 0.00 80 0.00 1980 0.45

Engine Friction Reduction I 0.020 20.00 0.00 0 0.00 1991 0
Engine Friction Reduction II 0.035 50.00 0.00 0 0.00 2002 0
Engine Friction Reduction III 0.050 90.00 0.00 0 0.00 2012 0
Engine Friction Reduction IV 0.065 140.00 0.00 0 0.00 2022 0

VVT I 0.080 140.00 0.00 40 0.00 2006 0.10
VVT II 0.100 180.00 0.00 40 0.00 2016 0.15

Lean Burn 0.100 150.00 0.00 0 0.00 2099 0
Two Stroke 0.150 150.00 0.00 -150 0.00 2099 0

TBI 0.020 40.00 0.00 0 0.00 1985 0.05
MPI 0.035 80.00 0.00 0 0.00 1985 0.10

Air Pump 0.010 0.00 0.00 -10 0.00 1985 0
DFS 0.015 15.00 0.00 0 0.00 1985 0.10

Oil %w-30 0.005 2.00 0.00 0 0.00 1987 0
Oil Synthetic 0.015 5.00 0.00 0 0.00 1997 0

Tires I 0.010 16.00 0.00 0 0.00 1992 0
Tires II 0.020 32.00 0.00 0 0.00 2002 0
Tires III 0.030 48.00 0.00 0 0.00 2012 0
Tires IV 0.040 64.00 0.00 0 0.00 2018 0
ACC I 0.005 15.00 0.00 0 0.00 1997 0
ACC II 0.010 30.00 0.00 0 0.00 2007 0
EPS 0.015 40.00 0.00 0 0.00 2002 0

4WD Improvements 0.030 100.00 0.00 0 -0.05 2002 0
Air Bags -0.010 300.00 0.00 35 0.00 1992 0

Emissions Tier I -0.010 150.00 0.00 10 0.00 1996 0
Emissions Tier II -0.010 300.00 0.00 20 0.00 2004 0

ABS -0.005 300.00 0.00 10 0.00 1990 0
Side Impact -0.005 100.00 0.00 20 0.00 1996 0
Roof Crush -0.003 100.00 0.00 5 0.00 2001 0

Increased Size/Wt. -0.200 0.00 0.00 0 0.30 1991 0
GDI/4-cyl 0.170 1000.00 0.00 0 0.00 2005 0
GDI/6-cyl 0.170 1200.00 0.00 0 0.00 2005 0

Gasoline Hybrid 0.450 0.00 75.00 0 0.05 2001 0

Table 20. Standard Technology Matrix For Trucks

N/A = Non Applicable

Source:  Energy and Environment Analysis, Changes to the Fuel Economy Module, Final Report, prepared for the Energy Information
Administration (EIA), (June 1998).



The fuel economy module utilizes 59 new technologies for each size class and origin of manufacturer
(domestic or foreign) based on the cost-effectiveness of each technology and an initial availability year. The
discounted stream of fuel savings is compared to the marginal cost of each technology. The fuel economy
module assumes the following:

• All fuel saving technologies have a 4-year payback period.

• The real discount rate remains steady at 8 percent.

• Corporate Average Fuel Efficiency standards remain constant at 1998 levels.

• Expected future fuel prices are calculated based on an extrapolation of the growth rate between fuel
prices 3 years and 5 years prior to the present year. This assumption is founded upon an assumed
lead time of 3 to 5 years to significantly modify the vehicles offered by a manufacturer.

• Degradation factors (Table 21) used to convert Environmental Protection Agency-rated fuel
economy to actual “on the road” fuel economy are based on application of a logistic curve to the
projections of three factors: increases in city/highway driving, increasing congestion levels, and
rising highway speeds.31,32,33,34 Degradation factors are also adjusted to reflect the percentage of
reformulated gasoline consumed.

• The vehicle miles traveled (VMT) module forecasts VMT as a function of the cost of driving per mile,
income per capita, ratio of female to male VMT, and age distribution of the driving population (Figure
4). The ratio of female to male VMT is assumed to asymptotically approach 100 percent by 2010.
VMT per driver by age group was also assumed to be more uniformly distributed to younger and older
age groups. AEO99 assumed that all age group VMT per driver approaches one-half of the
difference between itself and the maximum VMT per driver age category. Total VMT is calibrated to
Federal Highway Administration VMT data. 34,35 The fuel price elasticity rises from -0.05 to -0.2 as fuel
prices rise above reference case levels in each year.

• The share of light truck sales is assumed to reach a maximum of 46 percent of total sales by 2010.
However, the light truck share will gradually decline to 41 percent if fuel prices rise to approximately
$1.50/gal. The size class sales shares will also gravitate to 26 percent for subcompacts, 40 percent
for compacts, 23 percent for mid size, and 10 percent for luxury if fuel prices exceed reference case
levels approximately $1.50/gal.

Commercial Light-Duty Fleet Assumptions

With the current focus of transportation legislation on commercial fleets and their composition, the
Transportation Demand Module has been redesigned to divide commercial light-duty fleets into three types
of fleets: business, government, and utility. Based on this classification, commercial light-duty fleet vehicles
vary in survival rates and duration in the fleet, before being combined with the personal vehicle stock (Table
22). Sales shares of fleet vehicles by fleet type also remain constant over the forecast period. Automobile
fleets are divided into the following shares: business (87.39%), government (7.42%), and utilities (5.19%).
Light truck fleets are divided into the following shares: business (83.50%), government (14.1%), and utilities
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Vehicle Type Business Utility Government

Cars 35 68 81

Light Trucks 56 60 82

Medium Trucks 83 86 96

Heavy Trucks 103 132 117

Table 21. The Average Length of Time Vehicles Are Kept Before they are Sold to Others
(Months)

Source:  Oak Ridge National Laboratory, Fleet Vehicles in the United States: Composition, Operating Characteristics, and Fueling
Practices, prepared for the Department of Energy, Office of Transportation Technologies and Office of Policy, Planning, and
Analysis (Oak Ridge, TN, May 1992).



(2.40%)36,37. Both car (23.70%) and light truck (28.57%) fleet sales are assumed to be a constant fraction of
total car and light truck sales.

Alternative-fuel shares of fleet sales by fleet type are initially set according to historical shares (business
(0.36%), government (2.21%), utility (2.64%))38,39 then compared to a minimum constraint level of sales
based on legislative initiatives, such as the Energy Policy Act and the Low Emission Vehicle Program.38,39,40,41

Size class sales of alternative-fuel and conventional vehicles are held constant at anticipated levels (Table
23).42 Individual sales shares of alternative-fuel fleet vehicles by technology type are assumed to remain at
anticipated levels for utility, government, and for business fleets in accordance with the technology shares
applied from EIA surveys36,37 (Table 24).

Annual VMT per vehicle by fleet type stays constant over the forecast period based on the Oak Ridge
National Laboratory fleet data.

Fleet fuel economy for both conventional and alternative-fuel vehicles is assumed to be the same as the
personal new vehicle fuel economy and is subdivided into three size classes.
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1997 2000 2005 2010 2015 2020

Cars 0.869 0.857 0.849 0.841 0.841 0.841

Light Trucks 0.817 0.805 0.798 0.790 0.790 0.790

Table 22. Car and Light Truck Degradation Factors

1997-2020: Energy Information Administration, AEO99 National Energy Modeling System run:  aeo99b.d100198a.

Fleet Type by Size Class Automobiles Light Trucks

Business Fleet

Small 4.55 37.34

Medium 71.59 37.90

Large 23.86 24.76

Government Fleet

Small 4.35 21.34

Medium 56.52 44.39

Large 39.13 34.27

Utility Fleet

Small 16.67 30.03

Medium 70.00 38.51

Large 13.33 31.46

Table 23. Commercial Fleet Size Class Shares by Fleet and Vehicle Type 1992
(Percentage)

Source:  Oak Ridge National Laboratory, Fleet Vehicles in the United States: Composition, Operating Characteristics, and Fueling
Practices, unpublished final report prepared for the Department of Energy, Office of Transportation Technologies and Office of
Policy, Planning, and Analysis, (Oak Ridge, TN, May 1992).

AFV Technology Business Government Utility

Ethanol 0.02 3.06 0.00

Methanol 1.62 21.98 3.37

Electric 0.90 0.19 3.10

CNG 9.46 58.73 66.94

LPG 88.00 16.04 26.58

Table 24. Anticipated Purchases of Alternative-Fuel Vehicles by Fleet Type and Technology Type
(Percentage)

Sources:  Energy Information Administration, Describing Current and Potential Markets for Alternative Fuel Vehicles,
DOE/EIA-0604(96), (Washington, DC, March 1996).  Energy Information Administration, Alternatives to Traditional Transportation
Fuels 1995, DOE/EIA-0585(95), (Washington, DC, December 1996).



The Light Commercial Truck Module

The Light Commercial Truck Module of the NEMS Transportation Model is constructed to represent trucks
that weight 8501 lbs. to 10,000 lbs. These vehicles are assumed to be used for commercial freight purposes.

The primary source of data for this model is the microdata file of the 1992 Truck Inventory and Use Survey
(TIUS), which provides numerous details on truck stock and usage patterns at a high level of disaggregation.
The data derived from this source are used to allocate and sort the summary truck data presented in the
Federal Highway Administration’s annual publication of highway statistics, which constitute the baseline
from which the NEMS forecast is made (Figure 5). TIUS data are also used to distribute estimated sales of
trucks, obtained from the Macroeconomic Model, among the affected models according to their weight class
(Figure 6). Finally, the TIUS microdata set is used to construct a characterization of these Light Commercial

Trucks, comprising their average annual miles of travel, fuel economy, and distribution among several
aggregate industrial groupings chosen for their correspondence with output measures currently being
forecast by NEMS (Tables 25 and 26). It is expected that projected growth in industrial output will provide a
useful proxy for the growth in demand for the services of light commercial trucks.

Over the forecast period 1997-2020 VMT for light commercial trucks is a function of industrial output for
agriculture, mining, construction, trade, utilities, and personal VMT. Forecasted fuel efficiencies are
assumed to increase at the same annual growth rate of light-duty trucks (<8500 lbs.).

Alternative-Fuel Vehicle Technology Choice Assumptions

The alternative-fuel vehicle (AFV) technology choice module utilizes a discrete choice specification, which
uses vehicle attributes as inputs and forecasts vehicle sales shares among the following 15 light-duty
technologies: gasoline internal combustion engine (ICE), direct injection diesel ICE, ethanol flex, ethanol
neat, methanol flex, methanol neat, electric dedicated (uses only electricity), diesel electric hybrid,
compressed natural gas (CNG), CNG bi-fuel, LPG, LPG bi-fuel, fuel cell gasoline, fuel cell methanol, and fuel
cell liquid hydrogen.43 Direct injection gasoline and gasoline electric hybid technologies are included in the
conventional gasoline ICE technologies.
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Figure 4.   VMT per Driver by Age Group

Source:  1990 values:  U.S. Dept. of Transportation, 1990 National Personal Transportation Survey, Washington D.C.
February 1995; Forecast:  EIA, AEO99 National Energy Modeling System run:  aeo99b.d100199a.
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Figure 5.  Distribution of FHWA Single-Unit Truck Stocks

Source:  U.S. Dept. Of Transportation, Federal Highway Administration, Highway Statistics 1995, Nov.
1996; U.S. Dept. Of Commerce, Bureau of the Census, Truck Inventory and Use Survey 1992,

Truck Sales From the Macro Model
SQDTRUCKSL: <= 14,000 lbs

2-Axle, 4-Tire Trucks

97.41%

Other Single Unit Trucks

2.59%

Medium Freight Trucks

10,000 - 14000 lbs

0.63%

Pickup Trucks

60.7%

Other Trucks

39.3%

< 8,500 lbs

88.2%

8,500 - 10,000 lbs

11.8%

< 8,500 lbs

85.1%

>= 8,500 lbs

14.9%

Freight Truck Model

Pickup Trucks

58.4%

Other Trucks

41.6%

Light Freight Trucks

<= 10,000 lbs

99.37%

< 8,500 lbs

75.7%

8,500 - 10,000 lbs

24.3%

< 8,500 lbs

67.9%

8,500 - 10,000 lbs

32.1%

Figure 6.  Distribution of Light Truck Sales

Source:  U.S. Dept. Of Transportation, Federal Highway Administration, Highway Statistics 1995, Nov.
1996; U.S. Dept. Of Commerce, Bureau of the Census, Truck Inventory and Use Survey 1992,



Listed in Table 27 are a few examples of the input variables that correspond to the vehicle attributes used in
the analysis. With the exception of vehicle fuel economy, vehicle price, and vehicle range, all other attributes
are exogenously set, based on offline analysis.44,45
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Major Use

2 Axle, 4 Tire

Pickup Other Pickup Other

Agriculture 12.77 8.75 11.79 8.66

Mining 13.12 11.92 12.00 10.10

Construction 13.45 11.79 12.58 8.92

Trade 13.55 11.57 12.71 8.98

Utilities 13.33 10.25 13.57 8.65

Personal 13.67 13.99 12.29 10.78

Table 26. Average Miles Per Gallon:  Biweighted Mean Iterated

Source:  U.S. Dept. Of Commerce, Bureau of the Census, Truck Inventory and Use Survey 1992, TC-92-T-52, (Washington, DC.,
May 1995).

Compact Vehicle Size Class Year Gasoline
Ethanol

Flex
Methanol

Flex CNG

Diesel
Electric
Vehicle
Hybrid

Fuel Cell
Gasoline

Vehicle Price (thousand 1990 dollars) 1997 16.00 16.80 16.80 20.00 N/A N/A

2020 17.60 18.00 17.80 20.70 29.601 33.001

Vehicle MPG (miles/gallon) 1997 30.31 30.41 30.69 32.33 N/A N/A

2020 33.76 33.00 33.29 34.67 53.22 48.14

Vehicle Range (100 miles) 1997 4.50 3.22 2.52 2.65 N/A N/A

2020 5.08 3.51 2.74 2.88 6.25 4.80

Fuel Availability Relative to Gasoline 1997 1.00 1.00 1.00 0.02 1.00 1.00

2020 1.00 1.00 1.00 0.22 1.00 1.00

Commercial Availability Indexed To Gasoline 1997 1.00 0.007 0.007 0.001 N/A N/A

2020 1.00 0.999 0.999 0.993 0.999 0.999

Table 27. Alternative-Fuel Vehicle Attribute Inputs For Three Stage Logit Model

1Electric vehicle battery replacement cost included.

CNG = Compressed natural gas.

MPG = Miles per gallon.

N/A = Not Available Commercially.

Sources:  Vehicle prices, fuel efficiency, and range:  Energy and Environmental Analysis, Updates to the Fuel Economy Module
Final Report, Prepared for EIA, (June 1998).

Fuel and Commercial availability:  Department of Energy, Office of Transportation Technologies and Energy Efficiency and
Renewable Energy, Alternative-Fuel Vehicle Model, 1994.

Major Use

Single-Unit Trucks, 6,000 - 10,000 lbs.

2 Axle, 4 Tire Other Single-Unit

Pickup Other Pickup Other

Agriculture 11,920 8,569 15,197 7,054

Mining 20,231 24,871 18,520 17,786

Construction 15,909 15,195 13,043 10,074

Trade 13,313 15,394 10,009 11,832

Utilities 13,023 13,776 9,947 9,996

Personal 9,980 10,148 8,429 5,852

Table 25. Anticipated Annual Miles, by Major Use (1992 TIUS)
(Aggregated for NEMS)

Source:  1992 TIUS- U.S. Dept. Of Transportation, Federal Highway Administration, Highway Statistics 1995, Nov. 1996; U.S. Dept.
Of Commerce, Bureau of the Census, Truck Inventory and Use Survey 1992, TC-92-T-52, (Washington DC., May 1995).



Vehicle attributes vary by six EPA size classes for cars and light trucks, and fuel availability varies by
Census Division. It is assumed that the logit model coefficients can be used for both estimates for future
sales shares of both cars and light trucks separately. Vehicle prices are assumed to follow exponential
curves of economies of scale in production dependent upon the volumes and cost curves which vary by AFV
technologies. Where applicable, AFV fuel efficient technologies are calculated relative to conventional
gasoline miles per gallon. It is assumed that many fuel efficiency improvements to conventional vehicles will
be transferred to alternative-fuel vehicles. Specific individual alternative-fuel technological improvements
are also handled dependent upon the AFV technology type, cost, research and development, and
availability over time. Commercial availability estimates are assumed values according to a logistic curve
based on the initial technology introduction date and were constructed in cooperation with the Office of
Energy Efficiency and Renewable Energy of the Department of Energy (DOE). Coefficients summarizing
consumer valuation of vehicle attributes were derived from a stated preference survey conducted in the
U.S.46and are assumed to be representative of the United States. Initial AFV vehicle stocks are set according
to EIA surveys.36,37 A fuel switching algorithm based on the relative fuel prices for AF compared to gasoline is
used to detrmine the percentage of total VMT represented by AF in bi-fuel and flex-fuel alcohol vehicles. An
upper limit of 50 percent and a lower limit of 25 percent is assumed.

Freight Truck Assumptions

The freight stock truck module converts industrial output in dollar terms to an equivalent measure of volume
by using a freight adjustment coefficient.47,48 These freight truck adjustment coefficients vary by NEMS
Standard Industrial Classification (SIC) code, gradually diminishing their deviation over time and are
estimated from historical freight data. Freight truck load factors (ton-miles per truck) by SIC code are
constants formulated from historical load factors39. All freight trucks are subdivided into medium, and
heavy-duty trucks. Freight truck fuel efficiency growth rates relative to fuel prices are tied to historical growth
rates by size class and are also dependent on the maximum penetration, introduction year, fuel trigger price
(based on cost-effectiveness), and fuel economy improvement of the technologies including alternative fuel
technologies (Table 28).49 VMT freight estimates by size class and technology are based on matching freight
needs as measured by the growth in industrial output by SIC code to VMT levels associated with truck stocks
and new vehicles. Fuel consumption by freight trucks is regionalized according to the State Energy Data
Report distillate regional shares.50

Initial freight trucks are obtained by the Federal Highway Administration (FHWA) and are distributed by
Truck and Inventory Use Survey (TIUS) shares.
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Fuel Economy
Improvement (%)

Maximum
Penetration (%) Fuel Trigger Price

Medium Large Medium Large Introduction Yr ($1987 per MMBtu)

Existing Technologies

Aerodynamic Features 5 13 40 100 n/a $8.00

Radial Tires 4 1 90 100 n/a $8.00

Axle or Drive Ratio to Maximize Fuel
Economy

6 10 50 100 n/a $8.00

Fuel Economy Engine with Low RPM,
Turbo Change, etc.

7 9 80 100 n/a $8.00

Variable Fan Drive 3 5 40 100 n/a $8.00

New Technologies

Improved Tires & Lubricants 5 5 100 100 1994 $10.72

Electronic Engine Controls 4 4 70 98 1994 $8.94

Electronic Transmission Controls 1 1 75 98 1994 $28.60

Advanced Drag Reduction 15 15 40 40 1997 $2.40

Turbocompound Diesel Engine 10 10 75 90 2010 $7.15

Heat Engine-LE 55 17 17 100 100 9999 $99.00

Table 28. Diesel Technology Characteristics for the Freight Truck Model

Source:  U.S. Dept. of Energy, Office of Heavy Vehicle Technologies (OHVT),OHVT Technology Roadmap DOE/OSTI-11690
(October 1997)



Freight and Transit Rail Assumptions

The freight rail module receives industrial output by SIC code measured in real 1987 dollars and converts
these dollars into an adjusted volume equivalent. Specific NEMS coal production from the Coal Module is
also used to adjust coal rail travel. Freight rail adjustment coefficients, which are used to convert dollars into
volume equivalents, remain constant and are based on historical data.47,48 Initial freight rail efficiencies are
based on the freight model from Argonne National Laboratory.52 The distribution of rail fuel consumption by
fuel type remains constant and is based on historical data (Table 28).51 Regional freight rail consumption
estimates are distributed according to the State Energy Data Report 1994.50

Freight Domestic and International Shipping Assumptions

The freight domestic shipping module also converts industrial output by SIC code measured in dollars, to a
volumetric equivalent by SIC code.47,48 These freight adjustment coefficients are based on analysis of
historical data and remain constant throughout the forecast period. Domestic shipping efficiencies are
based on the freight model by Argonne National Laboratory. The energy consumption in the freight
international shipping module is a function of the total level of imports and exports. The distribution of
domestic and international shipping fuel consumption by fuel type remains constant throughout the analysis
and is based on historical data. Regional domestic and international shipping consumption estimates are
distributed according to the State Energy Data Report residual oil regional shares.50

Air Travel Demand Assumptions

The air travel demand module calculates the ticket price for travel as a function of fuel cost. Similar to the
light-duty vehicle module, the air travel fuel price elasticity rises from -0.04 to -0.2 if jet fuel prices exceed
reference case levels. A demographic index based on the propensity to fly was introduced into the air travel
demand equation.53,54 The propensity to fly was made a function of the age and sex group distribution over
the forecast period.55,56 The air travel demand module assumes that these relationships between the groups
and their propensity to fly remain constant over time. International revenue passenger miles are calculated
as a percentage of domestic revenue passenger miles based on an extrapolation of historical data, which
asymptotically approaches 56 percent by 2020.57 The revenue ton miles of air freights are based on
merchandise exports and gross domestic product.

Aircraft Stock/Efficiency Assumptions

The aircraft stock and efficiency module consists of a stock model of both wide and narrow body planes by
vintage. The shifting of passenger load between narrow and wide body aircraft occurs at a constant
historical annual 1-percent rate.58 The available seat-miles per plane, which measure the carrying capacity
of the airplanes by aircraft type, remain constant and are based on holding the seat-miles and the number of
planes constant within an aircraft type.58 The difference between the seat-miles demanded and the available
seat-miles represents newly purchased aircraft. Aircraft purchases in a given year cannot exceed historical
annual growth rates, a constraint that sets an upper limit on the application of new aircraft to meet the gap
between seat-miles demanded and available seat-miles. With a constraint on new aircraft purchases, it is
assumed that when the gap exceeds historical aircraft sales levels, planes that have been temporarily stored
or retired will be brought back into service. Technological availability, economic viability, and efficiency
characteristics of new aircraft are based on the technologies listed in the Oak Ridge National Laboratory Air
Transport Energy Use Model. (Table 31)59 Fuel efficiency of new aircraft acquisitions represents, at a
minimum, a 5-percent improvement over the stock efficiency of surviving airplanes.59 Maximum growth rates
of fuel efficiency for new aircraft are based on a future technology improvement list consisting of an estimate
of the introduction year, jet fuel price, and an estimate of the proposed marginal fuel efficiency improvement.
Regional shares of all types of aircraft fuel are assumed to be constant and are consistent with the State
Energy Data Report estimate of regional jet fuel shares.
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Legislation

Energy Policy Act of 1992 (EPACT)

Fleet alternative-fuel vehicle sales necessary to meet the EPACT regulations were derived based on the
mandates as they currently stand and the Commercial Fleet Vehicle Module calculations. Total projected
AFV sales are divided into fleets by government, business, and fuel providers (Table 29). Although inclusion
of the business fleet is dependent upon a rulemaking by the Secretary of Energy, the assumption is that fuel
displacement goals set in EPACT can only be reached by inclusion of the business fleet. It is assumed that
business fleet EPACT mandates do not take effect until the year 2002 based on the late mandated schedule
of proposed rulemaking.

Because the commercial fleet model operates on three fleet type representations (business, government,
and utility), the federal and state mandates were weighted by fleet vehicle stocks to create a composite
mandate for both. The same combining methodology was used to create a composite mandate for electric
utilities and fuel providers based on fleet vehicle stocks.36,37 Fleet vehicle stocks by car and light truck were
disaggregated to include only fleets of 50 or more (in accordance with EPACT) by using a fleet size
distribution function based on The Fleet Factbook and the Truck and Inventory Use Survey.38,39 To account
for the EPACT regulations which stipulate that “covered” fleets (which refers to fleets bound by the EPACT
mandates) include only fleets in the metropolitan statistical areas (MSA’s) of 250,000 population or greater,
90 percent of the business and utility fleets were included and 63 percent were included for government
fleets.40 EPACT covered fleets were to only include those fleets that could be centrally fueled, which was
assumed to be 50 percent of the fleets for all fleet types, and only fleets of 50 or more that had 20 vehicles or
more in those MSA’s of 250,000 or greater population; it was assumed that 90 percent of all fleets were
within this category except for business fleets, which were assumed to be 75 percent.40

Low Emission Vehicle Program (LEVP)

The LEVP, which began in California, which was originally instituted in New York and Massachusetts, has
now been rolled back to begin in 2003 at the original 10 percent mandate for California, Massachusetts and
New York. The following Zero Emission Vehicle (ZEV) sales percentage numbers (Table 30) come from the
California Air Resources Board.60 All of the ULEV sales were assumed to meet the ULEV air standards with
reformulated gasoline and a heated catalytic converter.

The AFV sales module compares these legislatively mandated sales to the results from the AFV logit
market-driven sales shares. The legislatively mandated sales serve as a minimum constraint to AFV sales
(Table 32).

Climate Change Action Plan

There were four programs implemented from the Climate Change Action Plan (CCAP) transportation
policies—reform Federal subsidy for employer-provided parking, adopt a transportation system efficiency
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Year Municipal & Business Federal State Fuel Providers Electric Utilities

1996 - 25 - - -

1997 - 33 10 30 -

1998 - 50 15 50 30

1999 - 75 25 70 50

2000 - 75 50 90 70

2001 - 75 75 90 90

2002 20 75 75 90 90

2003 40 75 75 90 90

2004 60 75 75 90 90

2005 70 75 75 70 90

Table 29. EPACT Legislative Mandates for Percentage AFV Purchases by Fleet Type, Year

Source:  EIA, Alternatives to Traditional Transportation Fuels 1994, DOE/EIA-0585(94), (Washington, D.C, February 1996).



strategy, promote telecommuting, and develop fuel economy labels for tires. The combined effect of the
Federal subsidy, system efficiency, and telecommuting policies was a reduction in VMT of 1.6 percent in
2010, representing a decline in consumption of approximately 270 trillion Btu which increases to 2.45
percent VMT reduction and a decline in fuel consumption of 470 trillion Btu by 2020. The fuel economy tire
labeling program improved fuel efficiency by 4 percent among vehicles that switched to low rolling resistance
tires, and resulted in a reduction in fuel consumption of 1 trillion Btu by 2010. Total reductions of carbon
emissions from CCAP reach 6.5 million metric tons per year by 2010.
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Proposed Technology Introduction Year

Jet Fuel Price
Necessary For Cost-
Effectiveness
(1987 dollars per MBtu)

Seat-Miles
per Gallon Gain

Over 1990
(percent)

Narrow Body Wide Body

Engines

Ultra-high Bypass 1995 4.15 10 10

Propfan 2000 10.08 23 0

Aerodynamics

Hybrid Laminar Flow 2020 11.34 15 15

Advanced Aerodynamics 2000 12.60 18 18

Other

Weight Reducing Materials 2000 - 15 15

Thermodynamics 2010 9.04 20 20

Table 31. Future New Aircraft Technology Improvement List

Source:  Greene, D.L., Energy Efficiency Improvement Potential of Commercial Aircraft to 2010, ORNL-6622, 6/1990., and from
data tables in the Air Transportation Energy Use Model (ATEM), Oak Ridge National Laboratory.

Vehicle Type Fleet Type 2000 2005 2010 2020

Automobiles Government 48.65 61.17 64.80 65.59

Business 0.00 64.34 66.69 66.23

Fuel Provider 65.31 73.35 77.69 78.64

Light Trucks Government 57.97 87.02 93.69 93.30

Business 0.00 18.49 19.90 19.82

Fuel Provider 16.46 19.74 21.25 21.16

Table 32. EPACT Alternative-Fuel Fleet Sale Estimates
(Thousands)

Source:  Energy Information Administration (EIA),AEO99 National Energy Modeling System run: aeo99b.d100198a.

Vehicle 1997 1998 1999 2000 2001 2002 2003

Original

Zero Emission Vehicles -- 2 2 2 5 5 10

Revised

Zero Emission Vehicles -- -- -- -- -- -- 10

Table 30. Original and Revised California Low Emission Vehicle Program Legislatively Mandated
Alternative-Fuel  Vehicle Sales
(Percentage)

Source:  California Air Resources Board, Proposed Regulations for Low Emission Vehicles and Clean Fuels, Staff Report, August
13, 1990.



Advanced Technology and 1999 Technology Cases

In the advanced technology case, the light-duty vehicle assumptions for alternative fuel vehicles are
presented in Table 33 and are based on the yearly U.S. Department of Energy Office of Energy Efficiency
and Renewables Office of Transportation Technologies (OTT) Program Analysis62. The conventional fuel
saving technology characteristics come from a study by the American Council For an Energy Efficient
Economy.61 In the advanced technology case, fuel efficiency improvements from new technology more than
offset the increasing travel in each transportation mode. As a result, the total energy consumption in the
transportation sector was 7.9 percent lower (2.90 quadrillion Btu) than in the reference case by 2020.

The 1999 technology case assumes that new fuel efficiency technologies are held constant at 1999 levels
over the forecast. As a result, the energy use in the transportation sector was 7.5 percent higher (2.77
quadrillion Btu) than in the reference case by 2020. Both cases were run with only the transportation
demand module rather than as a fully integrated NEMS run. Consequently, no potential macroeconomic
feedback on travel demand, or fuel economy was captured.

Freight trucks in the advanced technology case were constructed in accordance with the assumptions from
a Department of Energy (DOE) study.49 The following technologies were made commercially available within
the forecast period: advanced drag reduction, turbocompound diesel engine, heat engine CLE-55, and
reduced empty weight technologies. Additionally, shorter market penetration periods, and technology prices
were made cost-effective at $6/MMBtu for diesel fuel, instead of the range of $8-28.60/MMBtu in the AEO99
reference case.

The air model assumptions for the advanced technology case were also constructed to replicate the
assumptions in the DOE interlab study.43 Aircraft load factors were increased to 69% for domestic and 72%
for international travel. Efficiency improvements were approximately 51% higher than the 1997 levels for
new aircraft by 2020, which is the equivalent of a 1.8% annual growth rate.
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Technology Year of
Introduction

Year of
Maturity

Vehicle Cost
Ratio

Fuel Economy
Ratio

Relative Vehicle
Range

Advanced Diesel 2007 2017
Intro:1.11
Mat.:1.04

Intro: 1.35
Mat.: 1.35

Intro: 1.20
Mat.: 1.20

Diesel Hybrid 2003 2014
Intro: 1.15
Mat.: 1.04

Intro: 1.5
Mat.: 2.00

Intro: 1.20
Mat.: 1.20

Fuel Cell 2007 2015
Intro: 1.20
Mat.: 1.09

Intro: 2.10
Mat.: 3.00

Intro: 1.00
Mat.: 1.00

Natural Gas 2000 2006
Intro: 1.11
Mat.: 1.03

Intro: 1.0
Mat.: 1.0

Intro: 0.66
Mat.: 0.75

Flex Alcohol 1998 1998
Intro: 1.0
Mat.: 1.0

Intro: 1.0
Mat.: 1.0

Intro: 1.0
Mat.: 1.0

Table 33. Alternative-Fuel Large Car Vehicle Assumptions Relative to Conventional Gasoline Vehicle, 2020
(Thousands)

Source: U.S. Department of Energy, Office of Energy Efficiency and Renewables, Office of Transportation Technologies, OTT
Program Analysis Methodology: Quality Metrics 99, December, 1997.
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Fractional
Fuel

Efficiency
Change

Incremental
Cost

(1990 $)

Incremental
Cost

($/Unit Wt.)

Incremental
Weight
(Lbs.)

Incremental
Weight
(Lbs./

Unit Wt.)

First Year
Introduced

Fractional
Horsepower

Change

Front Wheel Drive 0.020 160.00 0.00 0 -0.08 1985 0
Unit Body 0.060 80.00 0.00 0 -0.05 1995 0

Material Substitution II 0.033 0.00 0.60 0 -0.05 1986 0
Material Substitution III 0.066 0.00 0.80 0 -0.10 2006 0
Material Substitution IV 0.099 0.00 1.00 0 -0.15 2016 0
Material Substitution V 0.132 0.00 1.50 0 -0.20 2026 0

Drag Reduction II 0.023 32.00 0.00 0 0.00 1990 0
Drag Reduction III 0.046 64.00 0.00 0 0.05 1997 0
Drag Reduction IV 0.069 112.00 0.00 0 0.01 2007 0
Drag Reduction V 0.092 176.00 0.00 0 0.02 2017 0

TCLU 0.030 40.00 0.00 0 0.00 1980 0
4-Speed Automatic 0.045 225.00 0.00 30 0.00 1980 0.05
5-Speed Automatic 0.065 325.00 0.00 40 0.00 1997 0.07

CVT 0.100 250.00 0.00 20 0.00 2005 0.07
6-Speed Manual 0.020 100.00 0.00 30 0.00 1997 0.05

Electronic Transmission I 0.005 20.00 0.00 5 0.00 1991 0
Electronic Transmission II 0.015 40.00 0.00 5 0.00 2006 0

Roller Cam 0.020 16.00 0.00 0 0.00 1986 0
OHC 4 0.030 100.00 0.00 0 0.00 1980 0.2
OHC 6 0.030 140.00 0.00 0 0.00 1985 0.2
OHC 8 0.030 170.00 0.00 0 0.00 1995 0.2
4C/4V 0.060 240.00 0.00 30 0.00 1990 0.45
6C/4V 0.060 320.00 0.00 45 0.00 1990 0.45
8C/4V 0.060 400.00 0.00 60 0.00 2002 0.45

Cylinder Reduction 0.030 -100.00 0.00 -150 0.00 1990 -0.1
4C/5V 0.080 300.00 0.00 45 0.00 1997 0.55
Turbo 0.050 500.00 0.00 80 0.00 1980 0.45

Engine Friction Reduction I 0.020 20.00 0.00 0 0.00 1991 0
Engine Friction Reduction II 0.035 50.00 0.00 0 0.00 2002 0
Engine Friction Reduction III 0.050 90.00 0.00 0 0.00 2012 0
Engine Friction Reduction IV 0.065 140.00 0.00 0 0.00 2022 0

VVT I 0.080 140.00 0.00 40 0.00 2006 0.1
VVT II 0.100 180.00 0.00 40 0.00 2016 0.15

Lean Burn 0.150 150.00 0.00 0 0.00 2018 0
Two Stroke 0.150 150.00 0.00 -150 0.00 2008 0

TBI 0.020 40.00 0.00 0 0.00 1985 0.05
MPI 0.035 80.00 0.00 0 0.00 1985 0.1

Air Pump 0.010 0.00 0.00 -10 0.00 1985 0
DFS 0.015 15.00 0.00 0 0.00 1985 0.1

Oil 5W-30 0.005 2.00 0.00 0 0.00 1987 0
Oil Synthetic 0.015 5.00 0.00 0 0.00 1997 0

Tires I 0.010 16.00 0.00 0 0.00 1992 0
Tires II 0.020 32.00 0.00 0 0.00 2002 0
Tires III 0.030 48.00 0.00 0 0.00 2012 0
Tires IV 0.040 64.00 0.00 0 0.00 2018 0
ACC I 0.005 15.00 0.00 0 0.00 1997 0
ACC II 0.010 30.00 0.00 0 0.00 2007 0
EPS 0.015 40.00 0.00 0 0.00 2002 0

4WD Improvements 0.030 100.00 0.00 0 -0.05 2002 0
Air Bags -0.010 300.00 0.00 35 0.00 1992 0

Emissions Tier I -0.010 150.00 0.00 10 0.00 1996 0
Emissions Tier II -0.010 300.00 0.00 20 0.00 2004 0

ABS -0.005 300.00 0.00 10 0.00 1990 0
Side Impact -0.005 100.00 0.00 20 0.00 1996 0
Roof Crush -0.003 100.00 0.00 5 0.00 2001 0

Increased Size/Wt. -0.033 0.00 0.00 0 0.05 1991 0
GDI/4-cyl 0.170 1000.00 0.00 0 0.00 2005 0.02
GDI/6-cyl 0.170 1200.00 0.00 0 0.00 2005 0

Gasoline Hybrid 0.450 0.00 75.00 0 0.05 2001 0

Table 34. High Technology Matrix For Trucks

Source:  Energy and Enviromental Analysis, Changes to the Fuel Economy Module, Final Report, 12-3, prepared for Energy Information
Administration (EIA), (June 1998).
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Fractional
Fuel

Efficiency
Change

Incremental
Cost

(1990 $)

Incremental
Cost/

($/Unit Wt.)

Incremental
Weight
(Lbs.)

Incremental
Weight
(Lbs./

Unit Wt.)

First
Year

Introduced

Fractional
Horsepower

Change

Front Wheel Drive 0.060 160.00 0.00 0 -0.08 1980 0
Unit Body 0.040 80.00 0.00 0 -0.05 1980 0

Material Substitution II 0.033 0.00 0.60 0 -0.05 1987 0
Material Substitution III 0.066 0.00 0.80 0 -0.10 1997 0
Material Substitution IV 0.099 0.00 1.00 0 -0.15 2007 0
Material Substitution V 0.132 0.00 15.0 0 -0.20 2017 0

Drag Reduction II 0.023 32.00 0.00 0 0.00 1985 0
Drag Reduction III 0.046 64.00 0.00 0 0.05 1991 0
Drag Reduction IV 0.069 112.00 0.00 0 0.01 2004 0
Drag Reduction V 0.092 176.00 0.00 0 0.02 2014 0

TCLU 0.030 40.00 0.00 0 0.00 1980 0
4-Speed Automatic 0.045 225.00 0.00 30 0.00 1980 0.05
5-Speed Automatic 0.065 325.00 0.00 40 0.00 1995 0.07

CVT 0.100 250.00 0.00 20 0.00 1995 0.07
6-Speed Manual 0.020 100.00 0.00 30 0.00 1991 0.05

Electronic Transmission I 0.005 20.00 0.00 5 0.00 1988 0
Electronic Transmission II 0.015 40.00 0.00 5 0.00 1998 0

Roller Cam 0.020 16.00 0.00 0 0.00 1987 0
OHC 4 0.030 100.00 0.00 0 0.00 1980 0.20
OHC 6 0.030 140.00 0.00 0 0.00 1980 0.20
OHC 8 0.030 170.00 0.00 0 0.00 1980 0.20
4C/4V 0.080 240.00 0.00 30 0.00 1988 0.45
6C/4V 0.080 320.00 0.00 45 0.00 1991 0.45
8C/4V 0.080 400.00 0.00 60 0.00 1991 0.45

Cylinder Reduction 0.030 -100.00 0.00 -150 0.00 1988 -0.10
4C/5V 0.100 300.00 0.00 45 0.00 1998 0.55
Turbo 0.050 500.00 0.00 80 0.00 1980 0.45

Engine Friction Reduction I 0.020 20.00 0.00 0 0.00 1987 0
Engine Friction Reduction II 0.035 50.00 0.00 0 0.00 1996 0
Engine Friction Reduction III 0.050 90.00 0.00 0 0.00 2006 0
Engine Friction Reduction IV 0.065 140.00 0.00 0 0.00 2016 0

VVT I 0.080 140.00 0.00 40 0.00 1998 0.10
VVT II 0.100 180.00 0.00 40 0.00 2008 0.15

Lean Burn 0.100 150.00 0.00 0 0.00 2012 0
Two Stroke 0.150 150.00 0.00 -150 0.00 2004 0

TBI 0.020 40.00 0.00 0 0.00 1982 0.05
MPI 0.035 80.00 0.00 0 0.00 1987 0.10

Air Pump 0.010 0.00 0.00 -10 0.00 1982 0
DFS 0.015 15.00 0.00 0 0.00 1987 0.10

Oil %w-30 0.005 2.00 0.00 0 0.00 1987 0
Oil Synthetic 0.015 5.00 0.00 0 0.00 1997 0

Tires I 0.010 16.00 0.00 0 0.00 1992 0
Tires II 0.020 32.00 0.00 0 0.00 2002 0
Tires III 0.030 48.00 0.00 0 0.00 2012 0
Tires IV 0.040 64.00 0.00 0 0.00 2018 0
ACC I 0.005 15.00 0.00 0 0.00 1992 0
ACC II 0.010 30.00 0.00 0 0.00 1997 0
EPS 0.015 40.00 0.00 0 0.00 2002 0

4WD Improvements 0.030 100.00 0.00 0 -0.05 2002 0
Air Bags -0.010 300.00 0.00 35 0.00 1987 0

Emissions Tier I -0.010 150.00 0.00 10 0.00 1994 0
Emissions Tier II -0.010 300.00 0.00 20 0.00 2003 0

ABS -0.005 300.00 0.00 10 0.00 1987 0
Side Impact -0.005 100.00 0.00 20 0.00 1996 0
Roof Crush -0.003 100.00 0.00 5 0.00 2001 0

Increased Size/Wt. -0.033 0.00 0.00 0 0.05 1991 0
GDI/4-cyl 0.170 1000.00 0.00 0 0.00 2005 0
GDI/6-cyl 0.170 1200.00 0.00 0 0.00 2005 0

Gasoline Hybrid 0.450 0.00 75.00 0 0.05 2005 0

Table 35. High Technology Matrix For Cars

Source:  Energy and Environmental Analysis, NEMS Fuel Economy Model LDV High Technology Update, Final Documentation,  prepared
for Energy Information Administration, (June 1998).
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